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Background: The contrast-enhanced ultrasound (CEUS) Liver Imaging Reporting and Data System (LI-
RADS) classification offers a framework for risk stratification in evaluating liver lesions in patients at risk 
for hepatocellular carcinoma (HCC). However, its clinical utility in combined HCC-cholangiocarcinoma 
(cHCC-CCA) has been less extensively studied. The degree of tumor differentiation is clinically significant 
in determining prognosis, making the analysis of imaging features across different differentiation levels 
essential. Additionally, studies indicate a correlation between the proportion of HCC and intrahepatic 
cholangiocarcinoma (ICC) components in cHCC-CCA lesions and their corresponding imaging 
characteristics. Therefore, the aim of this study was to assess the association of CEUS LI-RADS with the 
histopathological components and degree of differentiation in cHCC-CCA.
Methods: Medical records and CEUS images of patients with cHCC-CCA pathologically confirmed 
between April 2020 and April 2023 were reviewed. The predominance and degree of differentiation of HCC 
and ICC components in cHCC-CCA were analyzed via histopathological examination. The chi-square 
test and two-tailed Student t-test were employed to compare differences in general clinical characteristics, 
ultrasound features, and LI-RADS classification across various levels of differentiation and pathological 
components.
Results: A total of 47 patients with cHCC-CCA were included in this study, comprising 39 men and  
8 women, with a mean age of 56.2±8.5 years. A total of 47 lesions were analyzed. These lesions were classified 
according to the degree of differentiation from lower to higher as follows: poorly differentiated in 20 lesions 
(42.6%), moderately-poorly differentiated in 17 lesions (36.2%), and moderately differentiated in 10 lesions 
(21.3%). The CEUS features of lesions with varying degrees of differentiation were analyzed. It was observed 
that lower degrees of differentiation were associated with more pronounced early washout (P=0.028) and an 
increased likelihood of being classified as LR-M category under the CEUS LI-RADS classification system 
(P=0.043). Based on the predominance of pathological components, 36 lesions were pathologically confirmed 
as HCC predominant, and 11 lesions were confirmed as ICC predominant. Their ultrasound characteristics 
were analyzed, revealing that ICC-predominant cHCC-CCA lesions were more likely to exhibit regular 
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Introduction

Combined hepatocellular carcinoma-cholangiocarcinoma 
(cHCC-CCA) is a rare subtype of primary liver cancer 
that encompasses both hepatocellular carcinoma (HCC) 
and intrahepatic cholangiocarcinoma (ICC) components. 
In 2019, the World Health Organization classified 
cHCC-CCA as a tumor exhibiting both HCC and ICC 
differentiation based on routine hematoxylin and eosin (HE) 
staining in histopathological examinations (1). Patients 
with cHCC-CCA exhibit demographic characteristics and 
clinical features that overlap with those of HCC and ICC, 
complicating differential diagnosis. The prognosis for 
cHCC-CCA is typically poor due to its biological behavior, 
which is more aggressive than that of isolated HCC (2,3).

The imaging characteristics of cHCC-CCA frequently 
overlap with those of HCC and ICC, thereby complicating 
the diagnostic process (4). Studies have demonstrated 
that the majority of cHCC-CCA tumors exhibit imaging 
characteristics similar to ICC. This observation has 
been corroborated by studies using the Liver Imaging 
Reporting and Data System (LI-RADS) term target-like 
appearance (5,6). Multiphase computed tomography (CT) 
and magnetic resonance imaging (MRI) can significantly 
aid in the diagnosis of cHCC-CCA (7,8). However, the 
preoperative diagnosis of cHCC-CCA remains challenging 
due to the histomorphological and functional heterogeneity 
arising due to variability in tumor component proportions, 
often resulting in the misdiagnosis of cHCC-CCA as 
HCC or ICC (9). Contrast-enhanced ultrasound (CEUS) 
plays a pivotal role in the diagnosis, treatment, and follow-
up of patients with liver diseases due to its convenience 

and capability for real-time dynamic imaging. The 
American College of Radiology (ACR) LI-RADS is a 
recently developed framework designed to standardize the 
interpretation, reporting, and collection of CEUS, CT, and 
MRI data of patients at risk for HCC (10,11). However, 
the diagnostic efficacy of CEUS LI-RADS for cHCC-
CCA remains unclear due to a lack of comprehensive 
studies. Previous research indicates that the enhancement 
pattern observed in CEUS for cHCC-CCA is influenced 
by the relative proportions of HCC and ICC components. 
Additionally, this pattern displays characteristics that 
vary depending on the size of the lesion (12). A few 
studies have managed to elucidate the differences and 
associations related to cHCC-CCA with varying degrees 
of differentiation in terms of CEUS LI-RADS and clinical 
features. The degree of tumor differentiation is related 
to prognosis, and thus analyzing the imaging features of 
different differentiation levels is clinically relevant. It has 
also been demonstrated that the proportion of HCC and 
ICC components in cHCC-CCA lesions correlates with 
their imaging characteristics; furthermore, patients with 
a higher percentage of HCC components in their lesions 
exhibit longer disease-free survival (13). Therefore, the 
composition of HCC and ICC in cHCC-CCA lesions may 
also be associated with patient prognosis.

The aim of this study was to retrospectively analyze 
the clinical characteristics of patients with cHCC-CCA 
with varying degrees of differentiation and pathological 
components and to investigate the association of CEUS LI-
RADS classification with the histological differentiation 
grade and components of cHCC-CCA. We present 

shape (P=0.013) and well defined margins (P=0.010) and have an early onset of washout (P=0.023). However, 
the CEUS LI-RADS classification was not effective in distinguishing the predominance of the pathological 
cHCC-CCA components (P=0.283).
Conclusions: cHCC-CCAs classified as LR-M based on CEUS LI-RADS tend to be poorly differentiated, 
but the dominant pathologic component could be either HCC or ICC. cHCC-CCA lesions with ICC 
predominance were associated with early washout, whereas HCC-predominant lesions were associated with 
late washout. Additionally, the margins of HCC-predominant lesions were more ill-defined and irregular in 
shape compared to those of ICC-predominant lesions.
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this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-1483/rc).

Methods

Patients

Patients with cHCC-CCA admitted to the Department of 
Medical Ultrasound at West China Hospital of Sichuan 
University, from April 2020 to April 2023, and who 
met the specified inclusion and exclusion criteria were 
retrospectively analyzed. A flow diagram for the study 
population is presented in Figure 1. A total of 47 patients 
(47 lesions) were ultimately included in the study. This 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013) and was approved by the Ethics 
Committee of West China Hospital, Sichuan University 
(No. 1398). The requirement for individual consent was 
waived due to the retrospective nature of the analysis.

Ultrasound scans

Ultrasonography was conducted using a diagnostic machine 
equipped with either a C5-1 or L9-3 probe (Mindray, 

Shenzhen, China). Contrast-specific pulse inversion 
harmonic imaging, with a mechanical index of less than 
0.1, was employed for all CEUS examinations according 
to the technical guidelines of the World Federation of 
Ultrasound in Medicine and Biology and the European 
Federation of Societies of Ultrasound in Medicine and 
Biology (WFUMB-EFSUMB) (14). A 20-gauge catheter 
was inserted into the antecubital vein, and the ultrasound 
contrast agent (SonoVue, Bracco, Milan, Italy) was 
administered in doses of 1.2 to 2.4 mL, followed by a 5-mL 
flush with 0.9% NaCl solution. The imaging timer was 
initiated simultaneously with the injection of the SonoVue 
contrast agent. The region of interest, encompassing the 
target hepatic nodule and surrounding hepatic parenchyma, 
was imaged continuously for the first 60 seconds and then 
intermittently until the washout or disappearance of hepatic 
parenchymal enhancement was observed with confidence, 
typically at 5 minutes or after. The arterial, portal, and 
late phases were defined as 10–30, 31–120, and 121–300 
seconds post-injection, respectively, in accordance with the 
WFUMB-EFSUMB technical recommendations (14).

All patients underwent routine liver ultrasound scanning. 
For patients with multiple lesions, the largest lesion was 
selected as the observation target. Each target lesion was 

cHCC-CCA pathologically confirmed 

from April 2020 to April 2023 

(n=63)

cHCC-CCA patients with preoperative 

routine and CEUS images 

(n=58)

Excluded: without preoperative US scans 

(n=5)

Excluded:

•	Incomplete clinical data, including patient 

gender, age, etiology, cirrhotic background, 

and tumor marker levels (n=6)

•	Poor image quality (n=1)

•	Without risk factors for HCC (n=4) 

47 patients included for analysis

Figure 1 Flowchart of patient inclusion. cHCC-CCA, combined hepatocellular carcinoma-cholangiocarcinoma; US, ultrasound; CEUS, 
contrast-enhanced ultrasound; HCC, hepatocellular carcinoma.

https://qims.amegroups.com/article/view/10.21037/qims-24-1483/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-1483/rc


Yang et al. Correlation of CEUS LI-RADS with cHCC-CCA differentiation262

© AME Publishing Company.   Quant Imaging Med Surg 2025;15(1):259-271 | https://dx.doi.org/10.21037/qims-24-1483

evaluated across all time phases, with the pertinent image 
characteristics being documented. Real-time CEUS videos 
or CEUS images from different time phases were stored for 
subsequent image analysis.

Image analysis and CEUS LI-RADS classification

During routine ultrasound examination, the size, echo 
intensity, margins, and morphology of the lesions were 
meticulously recorded. Round and oval shapes were 
designated as regular forms, whereas all other shapes 
were classified as irregular. Based on the degree of 
enhancement of the lesion in the arterial phase compared 
with the surrounding liver parenchyma, three primary 
CEUS features were assessed: homogeneous arterial phase 
hyperenhancement (APHE), rim APHE, and heterogeneous 
APHE. According to the 2017 version of the CEUS LI-
RADS (10), early washout was defined as that commencing 
within 60 seconds of contrast agent injection, while late 
washout was defined as that commencing at or beyond 60 
seconds. Washout that appeared black or punched out within 
2 minutes of contrast agent injection was categorized as 
marked washout, whereas all other washouts were classified 
as mild. In accordance with the 2017 edition of the ACR 
LI-RADS, the LR-M (malignancy) on CEUS was defined 
by the presence of any one of the following three criteria: 
rim APHE, early washout, or marked washout. The criteria 
for the LR-5 (definitely HCC) category included lesions 
measuring ≥10 mm, non-rim APHE, and the presence of 
late or mild washout. The criterion for LR-TIV (tumor in 
vein) was the presence of enhanced soft tissue within a vein.

All images were independently and randomly analyzed 
by two physicians, each with over 5 years of experience in 
liver CEUS examinations. The enhancement patterns and 
characteristics in the arterial, portal, and late phases were 
documented. In cases of disagreement, a senior physician 
with more than 10 years of experience in hepatic CEUS 
examinations re-evaluated the images and provided the final 
decision.

Histopathology analysis

Pathological information was obtained through surgical 
resection in 43 patients and confirmed by preoperative 
biopsy in four patients. The degree of pathological 
differentiation of cHCC-CCA lesions is determined by the 
differentiation status of the carcinoma cells constituting 

the major component. These are classified as poorly 
differentiated, moderately poorly differentiated, moderately 
differentiated, moderately highly differentiated, and highly 
differentiated. Surgical specimens of liver tumors and 
the surrounding liver tissue were fixed in 10% formalin, 
routinely paraffin-embedded, and then subjected to tissue 
sectioning and HE staining. cHCC-CCA lesions comprise 
two pathological types of cancer cells: HCC predominant 
or ICC predominant. HCC-predominant lesions contain 
more than 50% HCC content, whereas ICC-predominant 
lesions contain more than 50% ICC content.

Two physicians, each with over 8 years of experience 
in diagnostic liver pathology, independently evaluated 
and diagnosed the specimens, including the tumor type 
and degree of pathological differentiation. In cases of 
discrepancy, a third physician with more than 15 years of 
experience in liver pathology re-evaluated the slides and 
provided the final diagnosis.

Statistical analysis

A P value <0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS 26 
software (IBM Corp., Armonk, NY, USA). Numerical 
data are presented as the mean ± standard deviation. 
Continuous variables were compared using the two-tailed 
Student t-test, while categorical variables were compared 
using the Chi-squared test or the Mann-Whitney test. 
Interobserver agreement among the readers for CEUS LI-
RADS categories was assessed using the kappa statistic. A 
kappa value between 0.81 and 1 was considered indicative 
of almost perfect agreement, 0.61 to 0.80 substantial 
agreement, 0.41 to 0.60 moderate agreement, 0.21 to 0.40 
fair agreement, and 0.01 to 0.20 poor agreement (15).

Results

Patient characteristics

In this study, patients (39 men and 8 women; average age 
56.2±8.5 years; age range 40 to 70 years), each with a single 
lesion, were ultimately included. Among these patients, 44 
(93.6%) had chronic hepatitis B (CHB), and 3 (6.4%) had 
chronic hepatitis C (CHC). Cirrhosis was present in 26 
(55.3%) patients. In addition, tumor marker tests showed 
elevated alpha-fetoprotein (AFP) levels (16) in 24 (51.1%) 
patients, elevated carcinoembryonic antigen (CEA) levels 
in 8 (17.0%) patients, elevated carbohydrate antigen 19-9 
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(CA19-9) levels in 16 (34.0%) patients, and elevated cancer 
antigen 125 (CA125) levels in 11 (23.4%) patients.

Pathological analysis of these lesions revealed the following 
distribution according to the degree of differentiation: 20 
lesions (42.6%) were classified as poorly differentiated, 17 
lesions (36.2%) as moderately poorly differentiated, and 10 
lesions (21.3%) as moderately differentiated. Notably, there 
were no lesions classified as moderately highly differentiated 
or hyperdifferentiated. Among the 47 lesions, HCC 
predominated in 36 cases (76.6%), while ICC predominated 
in 11 cases (23.4%). The lesions were categorized based on 
the degree of pathological differentiation and pathological 
components. Subsequently, the clinical data of patients within 
each group were statistically analyzed. The results indicated 
no significant differences in the general data of patients with 
varying degrees of pathological differentiation and different 
pathological components, as presented in Table 1.

Imaging features and the CEUS LI-RADS classification 

The mean diameters of the nodules in poorly differentiated, 
moderately poorly differentiated, and moderately 
dif ferentiated les ions were 4.9±2.5,  4.3±2.9,  and  
5.4±3.7 cm, respectively, as shown in Table 2; in these three 
groups of lesions, the echogenicity predominantly displayed 
hypoechoic characteristics, with proportions of 85.0% 

(17/20), 88.2% (15/17), and 70.0% (7/10), respectively. 
Additionally, most lesions presented with poorly defined 
margins and irregular shapes. In the poorly differentiated, 
moderately poorly differentiated, and moderately 
differentiated lesions, indistinct margins were observed 
in 60.0% (12/20), 70.6% (12/17), and 80.0% (8/10) of 
cases, respectively, while irregular shapes were noted in 
60.0% (12/20), 52.9% (9/17), and 70.0% (7/10) of cases, 
respectively.

In CEUS, necrosis, as indicated by lesions with perfusion 
defects, was observed in cHCC-CCA lesions of varying 
differentiation degrees. Specifically, necrosis was observed 
in three cases of poorly differentiated lesions, two cases of 
moderately–poorly differentiated lesions, and two cases of 
moderately differentiated lesions. Additionally, all lesions 
exhibited hyperenhancement during the arterial phase 
(APHE). Among the poorly differentiated lesions, 55.0% 
(11/20) presented with homogeneous APHE, 40.0% (8/20) 
with rim APHE, and 5.0% (1/20) with heterogeneous 
APHE. Among the moderately-poorly differentiated 
lesions, 52.9% (9/17) presented with homogeneous APHE, 
23.5% (4/17) with exhibited rim APHE, and 23.5% (4/17) 
with heterogeneous APHE. Furthermore, washout was 
observed in all lesions. Across the three types of lesions, 
the majority exhibited marked washout, with 60.0% 
(12/20), 58.8% (10/17), and 30.0% (3/10) observed in 

Table 1 General clinical characteristics of 47 patients with cHCC-CCA stratified by different degrees of pathological differentiation and 
pathological components

Clinical characteristics

Pathological differentiation Pathological components

Poor differentiation 
(n=20)

Moderate-poor 
differentiation 

(n=17)

Moderate 
differentiation 

(n=10)
P value

HCC predominant 
(n=36)

ICC predominant 
(n=11)

P value

Gender (M/F) 15/5 15/2 9/1 0.453 32/4 7/4 0.051

Age (years) 55.6±9.0 56.9±7.3 56.2±10.0 0.904 56.5±8.5 55.2±8.8 0.657

Etiology

CHB/CHC 19/1 16/1 9/1 0.865 34/2 10/1 0.675

AFP (≥20/<20 ng/mL) 9/11 8/9 7/3 0.399 20/16 4/7 0.265

CEA (≥5/<5 ng/mL) 1/19 5/12 2/8 0.138 6/30 2/9 0.907

CA19-9 (≥30/<30 U/mL) 5/15 6/11 5/5 0.392 13/23 3/8 0.588

CA125 (≥24/<24 U/mL) 4/16 3/14 4/6 0.372 9/27 2/9 0.640

Cirrhosis (yes/no) 8/12 13/4 5/5 0.078 20/16 6/5 0.953

Data are presented as number or mean ± SD. cHCC-CCA, combined hepatocellular carcinoma-cholangiocarcinoma; HCC, hepatocellular 
carcinoma; ICC, intrahepatic cholangiocarcinoma; M, male; F, female; CHB, chronic hepatitis B; CHC, chronic hepatitis C; AFP, alpha-
fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CA125, cancer antigen 125; SD, standard deviation.
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Table 2 CEUS features of cHCC-CCA lesions with different degrees of pathological differentiation and pathological components

Imaging features

Pathological differentiation Pathological components

Poor differentiation 
(n=20)

Moderate-poor 
differentiation 

(n=17)

Moderate 
differentiation 

(n=10)
P value

HCC predominant 
(n=36)

ICC predominant 
(n=11)

P value

Nodule size (cm) 4.9±2.5 4.3±2.9 5.4±3.7 0.359 5.0±3.1 4.1±1.9 0.367

Echogenicity 0.453 0.424

Hypoechoic 17 (85.0) 15 (88.2) 7 (70.0) 29 (80.6) 10 (90.9)

Hyperechoic 3 (15.0) 2 (11.8) 3 (30.0) 7 (19.4) 1 (9.1)

Ill-defined margins 12 (60.0) 12 (70.6) 8 (80.0) 0.521 28 (77.7) 4 (36.3) 0.010*

Irregular shape 12 (60.0) 9 (52.9) 7 (70.0) 0.683 25 (69.4) 3 (27.3) 0.013*

Necrosis on CEUS 3 (15.0) 2 (11.8) 2 (20.0) 0.845 6 (16.7) 1 (9.1) 0.537

Enhancement pattern 0.284 0.239

Homogeneous APHE 11 (55.0) 9 (52.9) 7 (70.0) 23 (63.9) 4 (36.4)

Rim APHE 8 (40.0) 4 (23.5) 1 (10.0) 8 (22.2) 5 (45.5)

Heterogeneous APHE 1 (5.0) 4 (23.5) 2 (20.0) 5 (13.9) 2 (18.2)

Timing of washout onset 0.028* 0.023*

Early (<60 s) 16 (80.0) 10 (58.8) 3 (30.0) 19 (52.8) 10 (90.9)

Late (≥60 s) 4 (20.0) 7 (41.2) 7 (70.0) 17 (47.2) 1 (9.1)

Degree of washout 0.253 0.918

Marked (as observed 
within first 120 s)

12 (60.0) 10 (58.8) 3 (30.0) 19 (52.8) 6 (54.5)

Mild 8 (40.0) 7 (41.2) 7 (70.0) 17 (47.2) 5 (45.5)

CEUS LI-RADS category 0.043* 0.283

LR-5 2 (10.0) 5 (29.4) 6 (60.0) 12 (33.3) 1 (9.1)

LR-M 17 (85.0) 10 (58.8) 3 (30.0) 21 (58.3) 9 (81.8)

LR-TIV 1 (5.0) 2 (11.8) 1 (10.0) 3 (8.3) 1 (9.1)

Pathological 
components

0.954 –

HCC-predominant 15 (75.0) 13 (76.5) 8 (80.0) – –

ICC-predominant 5 (25.0) 4 (23.5) 2 (20.0) – –

Data are presented as mean ± SD or n (%). *, indicates a statistically significant difference with P<0.05. CEUS, contrast-enhanced 
ultrasound; cHCC-CCA, combined hepatocellular carcinoma-cholangiocarcinoma; HCC, hepatocellular carcinoma; ICC, intrahepatic 
cholangiocarcinoma; APHE, arterial phase hyperenhancement; LI-RADS, Liver Imaging Report and Data System; SD, standard deviation.

poorly differentiated, moderately-poorly differentiated, and 
moderately differentiated lesions, respectively; however, 
there was a decline in the percentage of lesions exhibiting 
early washout as the degree of differentiation increased, 
specifically to 80.0% (16/20), 58.8% (10/17), and 30.0% 
(3/10), respectively (P=0.028).

Portal vein thrombosis was observed in one case of 
a poorly differentiated lesion, two cases of moderately 
poorly differentiated lesions, and one case of moderately 
differentiated lesions, corresponding to the CEUS LI-
RADS LR-TIV classification in 5.0% (1/20), 11.8% 
(2/17), and 10.0% (1/10) of lesions, respectively. With 
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the increasing differentiation of lesions, from poorly 
differentiated moderately–poorly differentiated, to 
moderately differentiated, the proportions of cHCC-CCA 
lesions classified as LR-5 by CEUS LI-RADS increased to 
10.0% (2/20), 29.4% (5/17), and 60.0% (6/10), respectively, 
while the proportions classified as LR-M decreased 
to 85.0% (17/20), 58.8% (10/17), and 30.0% (3/10), 
respectively, (P=0.043).

Based on the pathological components, the mean 
diameters of HCC-predominant and ICC-predominant 
lesions were 5.0±3.1 and 4.1±1.9 cm, respectively, as shown 
in Table 2. In both types of lesions, hypoechoicity was 
observed in 29 of the HCC-predominant lesions and in 10 
of the ICC-predominant lesions. Additionally, 28 HCC-
predominant lesions and four ICC-predominant lesions 
exhibited ill-defined margins (P=0.010). An irregular shape 
was observed in 69.4% (25/36) of HCC-predominant 
lesions, whereas only 27.3% (3/11) of ICC-predominant 
lesions exhibited an irregular shape (P=0.013).

In the CEUS findings, necrosis was identified in six of 

the HCC-predominant lesions and in one of the ICC-
predominant lesions. Among the HCC-predominant 
lesions, 21 lesions were classified as LR-M based on the 
presence of at least one of the related CEUS LI-RADS 
criteria (version 2017), which showed the following 
distribution: rim-like APHE in eight lesions, early washout 
in 19 lesions, and marked washout in 19 lesions. Among 
the ICC-predominant lesions, nine were classified as 
LR-M (Figure 2) and one as LR-TIV. Rim-like APHE 
was observed in five lesions, early washout in 10, marked 
washout in six, and portal vein thrombus enhancement in 
one. Homogeneous or heterogeneous APHE exceeding 
10 mm in diameter, along with mild and late washout, was 
observed in 12 HCC-predominant lesions and one ICC-
predominant lesion, and these were categorized as LR-5 
(Figure 3).

Interobserver agreement

The interobserver agreement for CEUS features and CEUS 

Figure 2 An LR-M lesion in a 58-year-old male patient with CHB. (A) A routine gray-scale ultrasound scan detected a 3.0 cm ×  
2.1 cm hypoechoic lesion in the left inner lobe of the liver, characterized by well-defined margins and regular shape (arrow). (B) The lesion 
exhibited rim hyperenhancement in the arterial phase of CEUS (arrow). (C) The lesion demonstrated hyperenhancement 41 seconds after 
contrast injection (arrow). (D) Marked washout (arrow) in the portal phase. The lesion was classified as LR-M, and pathological examination 
confirmed that it predominantly consisted of ICC, which was poorly differentiated. C, contrast timer; CHB, chronic hepatitis B; CEUS, 
contrast-enhanced ultrasound; ICC, intrahepatic cholangiocarcinoma.
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LI-RADS classification of cHCC-CCA lesions is presented 
in Table 3. The interobserver agreement for arterial phase 
enhancement features demonstrated good concordance, 
with a kappa value of 0.622. Furthermore, there was 
significant interobserver agreement regarding the initiation 
time and extent of washout, with kappa values of 0.824 and 
0.78, respectively. The interobserver agreement for CEUS 
LI-RADS category was substantial (κ=0.640).

Discussion

cHCC-CCA is a primary liver malignancy characterized 
by both HCC and ICC differentiation and accounts for 
fewer than 5% of all primary hepatic tumors (17). Although 
cHCC-CCA contains both HCC and ICC components, 
its prognosis is more closely aligned with that of ICC 
(18,19). The degree of tumor differentiation significantly 
influences the prognosis and overall survival (20,21). 
Poorly differentiated tumors typically exhibit progenitor 

cell characteristics linked to chromosomal instability and 
TP53 mutations (20,22-24). In our study, all cHCC-CCA 
lesions were graded based on pathological findings, with 
42.6% of the lesions classified as poorly differentiated. In 
our cohort, based on the predominance of pathological 
components, 36 out of 47 cHCC-CCA lesions were HCC 
predominant, while 11 were ICC predominant. This is 
consistent with previous studies, which reported that 
the majority of cHCC-CCA and ICC lesions are poorly 
differentiated and the enhancement pattern of cHCC-
CCA predominantly resembles that of HCC in most cases 
(2,25,26). Additionally, the imaging resemblance of cHCC-
CCA to HCC in the majority of cases may be attributable 
to the high prevalence of HCC risk factors among the 
screened patients, potentially introducing a selection bias. 
The absence of highly differentiated components in the 
cHCC-CCA lesions may be explained by the differing 
cellular origins of the lesions (3).

The study characterized and analyzed the clinical 

A B
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C 4:00C 1:02

Figure 3 An LR-5 lesion in a 52-year-old male patient with CHB. (A) A heterogeneous hypoechoic lesion measuring 4.5 cm × 4.0 cm, 
with ill-defined margins and irregular shape, was detected in the upper segment of the right liver lobe on gray-scale ultrasound (arrow). (B) 
CEUS of the lesion during the arterial phase revealed homogeneous hyperenhancement (arrow). (C) In the portal phase, the lesion exhibited 
isoenhancement (arrow). (D) The lesion exhibited slightly reduced enhancement in the late phase (arrow). The lesion was classified as LR-
5, and pathological examination confirmed that it predominantly consisted of HCC, which was poorly differentiated. Pathological analysis 
also confirmed the presence of cirrhosis (S4). C, contrast timer; CHB, chronic hepatitis B; CEUS, contrast-enhanced ultrasound; HCC, 
hepatocellular carcinoma; S4, Scheuer classification for cirrhosis, stage 4.
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Table 3 The interobserver agreement for CEUS features and CEUS LI-RADS classification in 47 cHCC-CCA lesions

CEUS feature Reviewer A Reviewer B κ

Arterial enhancement pattern 0.622

Homogeneous APHE 28 27

Rim APHE 13 13

Heterogeneous APHE 6 7

Timing of washout onset 0.824

Early (<60 s) 29 27

Late (≥60 s) 18 20

Degree of washout 0.785

Marked (as observed within first 120 s) 25 28

Mild 22 19

CEUS LI-RADS category 0.640

LR-5 13 16

LR-M 30 27

LR-TIV 4 4

CEUS, contrast-enhanced ultrasound; LI-RADS, Liver Imaging Report and Data System; cHCC-CCA, combined hepatocellular carcinoma-
cholangiocarcinoma; APHE, arterial phase hyperenhancement.

features of patients with cHCC-CCA with varying 
degrees of differentiation and pathological components. 
cHCC-CCA is  more commonly observed in male  
patients (27); however, the specific degree of differentiation 
and pathological components in our study was not 
associated with gender (P=0.382). Additionally, age, 
etiology, and the presence of a cirrhotic background in 
patients with cHCC-CCA were not correlated with the 
degree of differentiation and pathological components. 
Previous reports suggest that the simultaneous elevation 
of AFP and CA19-9 may indicate a possible diagnosis of 
cHCC-CCA (28). However, in this study, there were no 
significant differences in serum tumor marker levels of 
AFP, CEA, CA19-9, or CA125 among the patients with 
cHCC-CCA with varying degrees of differentiation and 
pathological components. An analysis of routine ultrasound 
findings revealed that ICC-predominant lesions were more 
likely to present with well-defined margins and regular 
shapes, whereas HCC-predominant lesions exhibited a 
higher probability of presenting with blurred margins 
and irregular shapes, which is consistent with previous  
research (26).

The CEUS LI-RADS was established to provide 
standardized imaging information for the screening and 

monitoring of HCC (29). In contrast, the LR-M category 
was defined to indicate lesions with a high probability of 
malignancy and is not specific to HCC (10). Nonetheless, 
the LR-M category demonstrates diagnostic value for 
both HCC and non-HCC liver malignancies (30,31). The 
imaging presentation and pathological findings of cHCC-
CCA were consistent, with features and major components 
from both tumor types (32). However, classifying the lesions 
into HCC-predominant and ICC-predominant categories 
based on the major pathological components of cHCC-
CCA revealed that both types predominantly exhibited the 
LI-RADS classification of LR-M. Specifically, 58.3% of 
HCC-predominant lesions and 81.8% of ICC-predominant 
lesions were categorized as LR-M (P=0.283). Regarding 
washout time, 90.9% of ICC-predominant lesions exhibited 
early washout, whereas only 52.8% of HCC-predominant 
lesions did so (P=0.023). The results indicate a correlation 
between washout time and pathological composition: early 
washout suggests that ICC is the predominant component 
in cHCC-CCA, whereas late washout suggests that HCC is 
the predominant component. Other studies have reported 
similar findings, indicating that the enhancement pattern 
of CEUS in cHCC-CCA is dependent on the relative 
proportions of HCC and ICC components (12). The 
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inability of CEUS LI-RADS to effectively differentiate 
the major pathological components of cHCC-CCA may 
be attributed to the fact that the LR-M category does not 
exclude HCC. Consequently, even HCC-predominant 
lesions tend to be classified as LR-M within the LI-RADS 
framework due to the coexistence of ICC pathological 
components. This classification is an expected outcome 
of the higher diagnostic sensitivity of the CEUS LR-M 
category for non-HCC malignancies.

Imaging descriptions of the cHCC-CCA subtype have 
been infrequently reported compared to those of HCC and 
ICC. In this study, the 47 cHCC-CCA lesions included 
were classified as poorly differentiated, moderately–
poorly differentiated, and moderately differentiated 
based on the degree of differentiation. Their clinical and 
ultrasonographic features were characterized, and the 
association between the CEUS LI-RADS classification 
and the degree of differentiation of cHCC-CCA was 
determined. The results demonstrated that as the degree 
of differentiation of cHCC-CCA lesions increased, the 
greater the likelihood was of a CEUS LI-RADS LR-5 
classification. Conversely, as the degree of differentiation 
decreased, the greater the likelihood was of an LR-M 
classification (P=0.043). Among all CEUS features, early 
washout was the predominant characteristic leading to the 
classification of LR-M (P=0.028). In CEUS, malignant 
lesions typically exhibit a tendency to wash out. Although 
the precise mechanisms underlying this phenomenon are 
not entirely understood, it can be partially attributed to the 
comparatively low blood volume of these tumors relative 
to the surrounding liver tissue (33). Poorly differentiated 
tumors are frequently associated with disorganized 
vascular structures, characterized by abnormal branching 
and neovascularization (34). However, previous studies 
have indicated that the vascular distribution in poorly 
differentiated HCC tends to be reduced both radiologically 
and pathologically (35,36). This is consistent with our 
findings, with poorly differentiated cHCC-CCA lesions 
being characterized by early washout, which is attributable 
to their lower blood supply and reduced blood volume.

This study demonstrated that cHCC-CCA lesions were 
more likely to be categorized as CEUS LI-RADS LR-5 
as the degree of differentiation increased, while a lower 
degree of differentiation tended to correspond to the LR-M 
category. Thus, CEUS LI-RADS may serve as a valuable 
noninvasive predictive tool for the clinical management 
of patients with cHCC-CCA and thus enhance diagnostic 
accuracy.

The limitations of this study include its retrospective 
nature, limited sample size, the gender discrepancy within 
the patient cohort, and the absence of a control group 
of HCC or ICC for comparison.  Further prospective 
studies are needed to validate these findings. Moreover, 
the parameters selected for CEUS were qualitative rather 
than quantitative. However, due to the low prevalence of 
cHCC-CCA and the unavailability of biopsies for all lesions 
in patients, this limitation was challenging to overcome. 
Future research could focus on multicenter validation 
studies and examine the integration of CEUS LI-RADS 
with other imaging techniques and biomarkers to improve 
the diagnosis of cHCC-CCA.

Conclusions

There was a significant association between CEUS LI-
RADS and the differentiation of cHCC-CCA, suggesting 
its potential value in the noninvasive assessment of 
tumor differentiation. cHCC-CCA lesions with ICC 
predominance were associated with early washout, whereas 
HCC-predominant lesions were linked to late washout. 
Additionally, the margins of HCC-predominant lesions 
were more likely to be ill-defined and irregular in shape 
compared to those of ICC-predominant lesions. These 
findings support the application of CEUS LI-RADS to 
enhance the diagnostic and prognostic capabilities in the 
clinical management of cHCC-CCA.
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