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Objective: To evaluate the diagnostic efficacy of the CEUS-LI-RADS in distinguishing between Contrast media; liver
HCC and MLT in an expanded population at risk for both tumors. neoplasms;

Methods: Between June 2017 and January 2022, 108 patients with HCC and 138 patients with ultrasonography
MLT who were pathologically diagnosed, where included in this retrospective study. Two
radiologists independently reviewed the CEUS features and liver imaging reporting and data
system (LI-RADS) categories of the lesions, and based on their consensus, we calculated the
diagnostic performance, including the area under the receiver operating characteristic curve,
sensitivity, specificity, and accuracy of the CEUS-LI-RADS criteria.

Results: The sensitivity, specificity, and accuracy of CEUS LI-RADS category 5 (CEUS-LR-5) for
predicting HCC were 49.1% [95% confidence interval (Cl)) 39.3-58.9], 97.1% (95% Cl 92.7-99.2),
and 76%, respectively, whereas the corresponding values for LI-RADS category M (LR-M) for
diagnosing MLT were 89.1% (95%Cl 82.7-93.8), 72.2% (95%C| 62.8-80.4), and 81.7%, respectively.
Based on current LR-M criteria, a small proportion of HCCs were classified as LR-M due to the
presence of early cessation (45-60s). In the analysis of the MLT subgroup, we found that the
tumor size affects the distribution of LI-RADS (LR) classification in the subgroup (p=0.037), and
LI-RADS category 3 (LR-3) classification was observed more frequently in tumors of small size
(<3cm) than those of larger size. In addition, LR-3 metastases were more frequently characterized
by hypovascular supply.

Conclusions: CEUS-LI-RADS demonstrates high specificity in distinguishing HCC from MLT,
providing a reliable noninvasive diagnostic tool that can enhance clinical decision-making. These
findings are clinically significant as they can improve patient management and treatment
outcomes, and they underscore the need for future research to refine and expand the use of
CEUS-LI-RADS in diverse clinical settings.

Abbreviations: LI-RADS: Liver Imaging Reporting and Data System; CEUS-LI-RADS:
Contrast-Enhanced Ultrasound Liver Imaging Reporting and Data System; HCC: hepatocellular
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LR-M: LI-RADS category M; LR-3: LI-RADS category 3; AUC: area under the receiver operating
characteristic curve; CEUS: Contrast-Enhanced Ultrasound; MI: Mechanical Index; AP: arterial phase;
APHE: arterial phase hyperenhancement; PPV: positive predictive value; NPV: negative predictive
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Introduction

Metastatic liver tumors (MLT) are frequently found to
colonize the liver from tumors of other organs due to
their anatomical factors and unique environment [1].
In addition, hepatocellular carcinoma (HCC) comprises
more than 90% of cases of non-metastatic liver tumors
[2]. Therefore, it is essential to accurately identify these
two hepatic malignancies. Patients with chronic hepa-
titis or liver cirrhosis of various etiologies commonly
develop HCC [3]. The contrast-enhanced ultrasound
liver imaging reporting and data system (CEUS-
LI-RADS) [4] is a valuable tool for noninvasively diag-
nosing HCC in high-risk patients with a high pretest
probability of HCC [5,6].

Both malignant MLT and HCC are primary liver cancers
that can show arterial phase enhancement and washout
on contrast-enhanced ultrasound (CEUS). However, MLT
usually has heterogeneous and irregular enhancement,
while HCC usually has homogeneous and well-defined
enhancement. MLT also washes out earlier than HCC, the
time of enhancement in HCC is longer than that of met-
astatic cancer, usually up to 20s, while MLT is usually
within 10s. MLT can have different CEUS features depend-
ing on the type of tumor, such as cholangiocarcinoma,
sarcoma, lymphoma, or metastasis. These features may
include  hypoenhancement, isoenhancement, rim
enhancement, pseudocapsule, target sign, or spoke-wheel
pattern. The CEUS features of MLT may also vary accord-
ing to the degree of differentiation, the presence of
necrosis, or the coexistence of HCC [7-9].

However, specific supporting evidence for the applica-
tion of CEUS-LI-RADS v2017 to differentiate HCC from
MLT in patients at risk for both types of tumors has not
been confirmed. Arterial hyperenhancement followed by
late discharge is the typical feature of the diagnosis of
HCC [10]. Despite this, a substantial number of HCCs and
MLTs have overlapping features and are classified as
LI-RADS category M (LR-M) lesions, which are malignant
but not HCC-specific. In addition, a current or past his-
tory of extrahepatic primary malignancy may increase
the probability of misdiagnosis of HCC as MLT in compar-
ison to patients without such a history.

Consequently, the objective of this study was to
evaluate the performance of CEUS-LI-RADS in accu-
rately diagnosing MLT and HCC in a limited study
population.

Patients and methods
Patient selection

Our Institutional Review Board approved this retro-
spective study, and written informed consent was

waived due to its retrospective nature. In this retro-
spective study, 417 consecutive patients with complete
CEUS records between June 2017 and January 2022,
were enrolled.

The inclusion criteria were as follows: (1) Liver
Lesion Diagnosis: Only patients with liver lesions con-
firmed as HCC or MLT through surgical resection or
biopsy were included. (2) CEUS-LI-RADS Applicability:
Participants included those with liver cirrhosis (such as
leading by cirrhotic with congenital hepatic fibrosis,
vascular disorder, and other diseases), chronic hepatitis
B, or a history of HCC, fitting the criteria for CEUS-
LI-RADS. (3) Risk of MLT: Patients with a history of any
extrahepatic malignancy were included, reflecting the
risk for MLT.

The exclusion criteria were: (1) Systemic or local
treatment, such as radiofrequency ablation or chemo-
therapy, administered prior to CEUS; (2) Technical dif-
ficulties (e.g. shaky recording, weak ability to hold
breath, and ultrasound absorption due to the deep
location of the tumor, specifically when the distance
between the skin and the tumor exceeds 15cm).
When there were multiple liver lesions, only the pre-
dominant tumor was selected for cluster sampling
bias reduction.

According to our inclusion criteria, we preliminarily
included 252 patients. Then, based on our exclusion
criteria, we excluded 6 patients, resulting in a final
count of 246 patients, among which there were 108
cases of HCC and 138 cases of MLT, as depicted in
Figure 1.

Figure 1. Flow chart of participant inclusion.
CEUS: Contrast-enhanced ultrasound; HCC: Hepatocellular carcinoma; MLT:
Metastatic liver tumor



Subgroup analysis

We divided liver lesions into two subgroups (< 3cm
and > 3cm) based on their maximum diameters as
measured by grayscale ultrasound at the peak of
intensity phase of the CEUS, recognizing that the size
of a lesion may influence its perfusion characteristics.
According to histopathologic findings, the HCC group
was divided into two subgroups (well and moderately
differentiated and poorly and moderately-to-poorly
differentiated) as HCCs with variable degrees of histo-
logic differentiation may also exhibit different wash-in
and wash-out characteristics. Due to the liver punc-
ture biopsy, a small amount of the HCC differentia-
tion data (12/138, 8.7%) was lost. Additionally, the
MLT group was subdivided into two subgroups
(hypervascular and hypovascular) based on the pri-
mary malignancy type. Neuroendocrine tumors, sar-
comas, and malignant melanoma are the most
common causes of hypervascular metastases, while
colorectal, gastric, pancreatic, lung, and ovarian can-
cer are the most
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The inter-reader agreement was evaluated after inde-
pendent analysis. Disagreements between the two
radiologists were resolved after discussion. To assess
intra-reader variability, each radiologist independently
re-evaluated a randomly selected subset of 30 liver
lesions after an interval of four weeks, without access
to their initial assessments. This approach was intended
to minimize recall bias and to gauge the consistency
of each reader’s diagnostic interpretations over time.
Inter-reader variability was evaluated by comparing
the initial independent assessments of the liver lesions
by the two radiologists. Any discrepancies between
the readers were resolved through consensus after a
joint review session, where both radiologists discussed
each case until agreement was reached. The results of
intra- and inter-reader variability assessments were
quantified using the kappa (k) statisticc which mea-
sures agreement beyond chance. A k value of 0.81-
1.00 was considered almost perfect agreement,
0.61-0.80 substantial agreement, 0.41-0.60 moderate
agreement, 0.21-0.40 fair agreement, and <0.20 slight
agreement.

To ensure the statistical rigor of our study, we con-
ducted a power analysis to determine the appropriate
sample size. Based on a preliminary data review and
existing literature, our objective was to detect a clini-
cally significant difference in the diagnostic efficacy of
CEUS LI-RADS for distinguishing HCC from metastatic
liver tumors. Aiming for a power of 80% and an alpha
level of 0.05, our calculations suggested that a sample
size of 95 was necessary. This size was deemed suffi-
cient to observe the expected difference in diagnostic
performance, considering the prevalence of HCC
among individuals at risk and the diagnostic accuracy
of CEUS LI-RADS reported in prior research. This power
calculation underscores the robustness of our study
design and supports the reliability of our findings.

Statistical analysis

The median and range are used to represent measure-
ment data, while absolute numbers and percentages
are used to represent categorical data. The Wilcoxon
rank-sum test, Pearson’s chi-squared test, or Fisher’s
exact test was used to compare differences between
groups. The sensitivity, specificity, accuracy, positive
predictive value (PPV), and negative predictive value
(NPV) of LI-RADS categories were calculated. Two
radiologists assessed inter-observer agreement by cal-
culating the k-value. IBM SPSS Statistics v.22 and
MedCalc 20.010 were used for statistical analysis. A
two-tailed P value of < 0.05 was considered statisti-
cally significant.

Results

Clinical characteristics and B mode Ultrasound
(BUS) imaging features

A total of 246 patients with pathologically confirmed
liver lesions, including 108 cases of HCCs and 138
cases of MLTs, were included in this study. All patients
were pathologically diagnosed by surgical resection
(40.24%) or needle biopsy (59.76%). Patients with HCC
and MLT were distinguished by immunohistochemistry
(IHC), shown in Figures S1 and S2.

Table 1 provides a summary of the clinical charac-
teristics of the patients and the imaging features of
the lesions. Liver cirrhosis was detected in 49.1%
(53/108) of HCCs and 0.7% (1/138) MLTs (P < 0.001).
Chronic hepatitis B was detected in 87.0% (94/108) of
HCCs and 14.5% (20/138) MLTs (P < 0.001). HCCs are
more prevalent in males (P < 0.001), and tumors in
HCCs have a larger diameter (p=0.003). On conven-
tional ultrasound, there were no statistically significant
differences in the morphology, margin, or echo
between the two groups.

LI-RADS categories and diagnostic performance

The sensitivity, specificity, and accuracy of LR-5 for the
diagnosis of HCC were 49.1% (95% Cl 39.3-58.9), 97.1%
(95% Cl 92.7-99.2), and 76%, respectively. The PPV of
LR-5 for diagnosing HCC was 93.0% (95% Cl 83.2-97.3).

Table 1. Study population baseline characteristics.

HCC (n = 108)  MLT (n = 138) P

Age (year), median(range) 55.72 (28-82) 56.72 (32-84) 0.934
Sex
Male 97 (89.8%) 74 (53.6%) <0.001*
Female 11 (10.2%) 64 (46.4%)
Liver disease

Cirrhosis 53 (49.1%) 1 (0.7%) <0.001*

Chronic hepatitis B 94 (87.0%) 20(14.5%) <0.001*
Size of hepatic tumors 6.28 (1.5-20.6) 4.27(0.8-15.2)  0.003*

(cm), median (range)
Shape of hepatic tumors

Round 64 (59.3%) 100 (72.5%) 0.029*

Lobulated or irregular
Margin of hepatic tumors
Clear 71 (65.7%)

44 (40.7%) 38 (27.5%)

98 (71.0%) 0.376

lll-de ned 37 (34.2%) 40 (29.0%)
BUS echo
Hypo-echo 79 (73.1%) 108 (78.3%) 0.665
Iso-echo 6 (5.5%) 7 (5.1%)
Hyper-echo 20 (18.5%) 18 (13.0%)
Mixed-echo 3 (2.8%) 5 (3.6%)
Method of sampling
Biospy 35 (32.4%) 51 (37.0%) 0.458
Sugery 73 (67.6%) 87 (63.0%)
BMI, median (range) 221 (16.2-28.3) 215 (17.3-28.6) 0.384
Distance between skin 6.5 (1.2-14.5) 7.2 (1.1-138) 0.857

and tumor (cm),
median (range)

Data in parentheses are shown as percentages.
*Statistically signi cant.




Table 2. Frequencies of LI-RADS categories and diagnostic
performances for HCC and MLT.
LI-RADS categories

LR-3 LR-4 LR-5 LR-M LR-TIV
HCC 0(0%) 18 (16.7%) 53 (49.1%) 30 (27.8%) 7 (6.5%)
(n=108)
MLT 10 (7.2%) 1(0.7%) 4 (2.9%) 123 0 (0%)
(n=138) (89.1%)
Total 10 (4.1%) 19 (7.7%) 57 (232%) 153 7 (2.8%)
(62.2%)
PPV for 0 94.7 93.0 19.6 100
diagnosis (70.9-99.3) (83.2-97.3) (15.2-24.9)
of HCC
(95%Cl)
Diagnostic performances of LR-5 for HCC and LR-M for MLT
Sensitivity ~ Speci city PPV NPV
Accuracy  (95%Cl)  (95% Cl)  (95% Cl)  (95% Cl)
LR-5 for 76.0 49.1 97.1 93.0 70.9
HCC (39.3-58.9) (92.7-99.2) (83.2-97.3) (66.9-74.6)
LR-M for 817 89.1 722 80.4 83.9
MLT (82.7-93.8) (62.8-80.4) (75.1-84.8) (76.1-89.5)

LI-RADS Liver Imaging Reporting and Data System, HCC hepatocellular car-
cinoma, MLT metastatic liver tumors, Cl con dence interval, PPV positive
predictive value, NPV negative predictive value.

Table 3. The wash-in and washout features of HCC and MLT
groups.

HCC (n=108) MLT (n=138) P
Wash-in patterns APHE 107 (99.1%) 95 (68.8%) <0.001*
Rim APHE 0 (0%) 21 (15.2%)
Iso- 1 (0.9%) 11 (8.0%)
Hypo- 0 (0%) 11 (8.0%)
Total 108 138
Degree of washout Mild 84 (778%) 20 (14.5%) <0.001*
Marked 6 (5.6%) 107 (77.5%)
No washout 18 (16.7%) 11 (8.0%)
Total 108 138
Washout onset <45s 13 (144%) 78 (61.4%) <0.001*
45-1min 18 (20.0%) 45 (35.4%)
=1min 59 (65.6%) 4 (3.2%)

Total 90 127

Data in parentheses are shown as percentages.
*Statistically signi cant.

Table 2 displays the sensitivity, specificity, and accu-
racy of LR-M for the diagnosis of MLT: 89.1% (95% ClI
82.7-93.8), 72.2% (95% Cl 62.8-80.4), and 81.7%, respec-
tively. Only a small proportion of MLTs was assigned as
LR-3 (10/138, 7.2%), LR-4 (1/138, 0.7%), and LR-5
(4/138, 2.9%), demonstrating high positive predictive
values of 80.4 (95%Cl 75.1-84.8%) for diagnosing MLT.
Ten LR-3 observations were all MLT, whereas seven
LR-TIV lesions were HCCs.

CEUS features

The CEUS characteristics of HCC and MLT are pre-
sented in Table 3. Arterial phase APHE was predomi-
nant in 99.1% of HCCs compared to 68.8% of MLTs
(p<0.001) (Figures 2 and 3), whereas 15.2% of MLTs
and none of the HCCs exhibited Rim APHE. Iso-echo
was observed in 11 (8.0%) of the MLT lesions
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compared with only 1 HCC lesion, while hypo-echo
was similarly observed in MLT (8.0%) but not seen in
HCC (p<0.001).

In terms of washout onset, 96.8% of MLTs exhibited
early washout with an onset time of less than 60s, and
61.6% of MLTs exhibited washout onset time before
45s. In contrast, washout onset later than 60s was
observed in 65.6% of HCCs (p<0.001) (Table 3) (Figures
1 and 2). Only 4 (3.2%) cases of MLT exhibited wash-
out after 60s, and 3 of them were hypervascular
metastases.

In terms of the degree of washout, more MLTs
(77.5%) than HCCs displayed marked washout, while
more MLTs (77.8%) showed mild washout (p<0.001)
(Table 3).

Subgroup analysis

In the HCC subgroup, there were no statistically signif-
icant differences in the LR category based on nodule
size and level of differentiation (p=0.539 and 0.134,
respectively) (Table 4). However, the distribution of LR
classification in the MLT subgroup was affected by
tumor size (p=0.037). In our cohort, there were more
LR-3 lesions < 3cm (7/57,12.8%) while only 0.37% in
lesions > 3cm. Interestingly, 10 cases of metastatic
tumors were categorized as LR-3, with 9 of them hav-
ing hypovascular primary tumors (Figure 4).

In the HCC subgroup, there were no statistically sig-
nificant differences in the enhancement pattern based
on nodule size and degree of differentiation (Table 5).
However, all poorly and moderate-to-poorly differenti-
ated HCC lesions displayed washout signs at some
stage, whereas well and moderately differentiated HCC
exhibited no washout. Half of the poorly and
moderate-to-poorly differentiated HCC demonstrated
early washout (< 60s) and were classified as LR-M. In
the MLT subgroup, 10 of 11 MLTs showing no washout
were associated with hypovascular primary malignan-
cies, whereas 3 of 4 MLTs showing washout after the
60s were nodules commonly considered to be of the
hypervascular type.

Discussion

In this study, we aimed to assess the diagnostic perfor-
mance of CEUS-LI-RADS v2017 in differentiating HCC
from metastases in high-risk patients with chronic liver
disease and extrahepatic malignancy. Adding a study
population with a current or prior history of extrahe-
patic malignancy to the defined LI-RADS applicable
population did not affect the high specificity (97.1%)
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Figure 3. A 49-year-old female patient with a history of nasopharyngeal cancer with a liver lesion categorized as LR-M.
Histopathology con rmed the presence of a metastasized liver tumor. (A) B-mode ultrasound detected a hypoechoic mass 2.1cm
in diameter located in the left lobe of the liver. (B) Homogeneous APHE was observed 21s after SonoVue injection. (C) Early
washout (white arrow) was observed at 43s after SonoVue injection. (D) A marked washout was observed at 90s after SonoVue

injection.

Table 4. Subgroup analysis of LR-category based on nodule size, degree of di erentiation and blood supply.

LR-3 LR-4 LR-5 LR-M LR-TIV Total P
HCC <3cm - 5 10 4 2 21 0.539
(23.8%) (47.6%) (19.0%) (9.5%) (100%)
>3cm - 15 43 26 5 87
(17.2%) (49.4%) (29.9%) (5.7%) (100%)
WD and MD - 14 45 22 3 84 0.134
(16.7%) (53.6%) (26.2%) (3.6%) (100%)
PD and MPD - 0 5 6 1 12
(0.0%) (41.7%) (50.0%) (0.8%) (100%)
MLT <3cm 7 1 0 49 - 57 0.037*
5 (12.33%) (1.;(3)%) (0.0%) (86.0%) (1%0%)
>3cm 4 74 - 1
(3.7%) (0.0%) (4.9%) (91.4%) (100%)
Hypo-vascular 9 1 1 86 - 97 0.091
(9.3%) (1.0%) (1.0%) (88.7%) (100%)
Hyper-vascular 1 0 3 37 - 41
(2.4%) (0.0%) (7.3%) (90.2%) (100%)

Data in parentheses are shown as percentages.

WD: well di erentiated, MD: moderately di erentiated, PD: poorly di erentiated, MPD: moderately-to-poorly di erentiated.

*Statistically signi cant.

Early discharge has been associated with
poorly-differentiated HCCs or non-hepatocellular malig-
nancies [17-19], which is consistent with our observa-
tion. Among those poorly and moderate-to-poorly
differentiated HCCs, half of the lesions (6/12, 50%)

were classified as LR-M, indicating that poorly differen-
tiated HCC may be more susceptible to early washout
(45s5-60s) [10]. As suggested in a previous study [20],
modifying the current LR-M criteria can enhance spec-
ificity. However, this method may misclassify some
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Figure 4. Histopathology con rmed the presence of a metastatic liver tumor in a 56-year-old female patient with a history of
lung cancer. (A) A hypoechoic mass was discovered within the left lobe. On CEUS, the mass exhibited hypo-enhancement during
the arterial phase (B), the portal venous phase (60s) (C), and the late phase (2min) (D). The lesion was classi ed as LR-3 based
on the CEUS LI-RADS guidelines.

Table 5. Subgroup analysis of CEUS imaging features based on nodule size, degree of di erentiation and blood supply.

Wash-in pattern Washout onset
45s-1
APHE Rim APHE Iso/ Hypo P No <45s Min =1min P
HCC <3cm 20 0 1 0.194 5 2 2 12 0.656
(95.2%) (0.0%) (4.8%) (23.8%) (9.5%) (9.5%) (57.1%)

>3cm 873cm

MLTs as LR-5 in patients at risk for both HCC and MLT, metastases. However, these findings were usually
and it must be validated in future research. The LR-M based on CT or MRL. In our study, the most frequently
category demonstrated high diagnostic accuracy observed enhancement patterns were APHE followed
(81.7%) for metastases. Rim APHE was once regarded by early washout, which was consistent with prior
as the hallmark of MLT, particularly for hypovascular  research [21]. CEUS images clearly demonstrate the



continuous dynamic enhancement pattern, whereas
CT and MRI may overlook the actual hypervasculariza-
tion of arterial vessels. Significant and early washouts
were more prevalent in MLTs than in HCCs. According
to our investigation, 78 (61.4%) metastasis lesions
experienced washout within the first 45s and 45
(35.4%) between 45 and 60s. This indicated that the
hyper-enhancement of MLTs was only a transient phe-
nomenon. The comparatively low volume of the
lesions, the efficient venous drainage, the characteriza-
tion of the microvasculature [22], and the absence of
portal vein supply [23], may all contribute to the rapid
elimination of MLTs.

According to previous research, the CEUS appear-
ance of MLTs may be dependent on the type of pri-
mary malignancy [24] and the size of the lesion [21].
In our study, the proportions of LR-categories in the
MLT group were demonstrated to be correlated with
lesion magnitude. In addition, the pattern of enhance-
ment may also reflect the tumor vascularity of metas-
tases. LR-3 metastases are characterized by their
diminutive size and hypovascular supply. Three of the
four LR-5 metastatic nodules that exhibited washout
after 60s originated from neuroendocrine tumors, sar-
comas, and malignant melanoma, which are all com-
monly believed to be hypervascular nodules. Some
small and hypovascular metastases may exhibit iso-
and hypo-enhancement during the arterial phase and
be classified as LR-3 and LR-4 as they have fewer feed-
ing vessels. Long-lasting arterial enhancement in
hypervascular metastases is a result of the enhanced
arterial flow partially compensating for the decreased
portal venous flow in liver lesions [25]. Recent research
by Cao et al. [26] found that Sonazoid®-modified LR-5
had better diagnostic sensitivity for HCC compared to
SonoVue® LR-5, suggesting that alternative contrast
agents may enhance the diagnostic performance of
CEUS-LI-RADS.

On the other hand, incorporating the LI-RADS tumor
in vein (TIV) criteria into our analysis has significantly
enhanced our understanding of the diagnostic land-
scape for hepatocellular carcinoma within the context
of CEUS. The identification of TIV, a hallmark of
advanced HCC, underscores the aggressive nature of
the disease and the necessity for prompt, potentially
curative treatments. Our findings suggest that CEUS
LI-RADS, with its capability to detect TIV, offers a
robust framework for the assessment of HCC severity,
thereby facilitating tailored patient management and
intervention strategies. This addition to our study
underscores the importance of comprehensive diag-
nostic criteria, such as LI-RADS, in the nuanced differ-
entiation between HCC and metastatic liver tumors,
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providing a foundation for improved patient outcomes
through informed clinical decision-making. The CEUS
LI-RADS criteria incorporate a range of ancillary fea-
tures that can be utilized to increase or decrease con-
fidence in HCC diagnosis. These features include but
are not limited to the presence of intralesional fat,
blood flow in the perilesional area, and the visibility of
a ‘tumor in vein' sign. Ancillary features can signifi-
cantly aid in characterizing liver lesions, especially in
cases where the primary LI-RADS features (such as
arterial phase hyperenhancement and portal venous
phase washout) provide equivocal results. Our study
acknowledges the critical role of these ancillary fea-
tures in enhancing diagnostic accuracy and confidence,
particularly in distinguishing HCC from MLT. By inte-
grating ancillary features into our analysis, we aim to
highlight their significance in the CEUS LI-RADS frame-
work and advocate for their systematic assessment as
part of a comprehensive diagnostic strategy for liver
lesions.

We acknowledge the relatively low incidence of
metastasis in cirrhotic livers observed in our cohort.
This phenomenon may be partly explained by Stephen
Paget’s ‘seed and soil’ hypothesis, which suggests that
the metastatic potential of cancer cells (‘seeds’) is sig-
nificantly influenced by the compatibility with the
microenvironment of the host tissue (‘soil’). In the con-
text of liver cirrhosis, the altered hepatic architecture
and microenvironment might not be conducive for the
implantation and growth of metastatic cells from
extrahepatic primary tumors. Furthermore, cirrhosis
often leads to a shift in vascular dominance from the
portal vein to the hepatic artery, altering the liver’s
blood supply. This vascular remodeling could further
limit the hepatic entry of metastatic cells via the portal
vein, traditionally considered the primary route for
liver metastases. Incorporating these considerations,
our findings suggest a complex interplay between the
cirrhotic liver's altered vascular and tissue environ-
ments and the relatively uncommon occurrence of
metastasis in such patients.

There are some limitations to our study. First, the
retrospective, single-center design introduced a
degree of selection bias. Future prospective and mul-
ticenter studies are required to further validate the
current recommendations. Second, although only pathology-
proven HCCs and metastases were included in our
study, it is possible that our diagnostic findings do
not precisely reflect what would be observed in
real-world situations. However, the purpose of this
study was to evaluate and validate the applicability of
CEUS-LI-RADS in patients at risk for both HCC and
metastases. In addition, although the inclusion of
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benign hepatic nodules in our study was an ideal
choice, there were significant logistical and method-
ological challenges. Within the scope of our current
study, retrospective collection of a sufficiently large
and representative sample of benign lesions with
complete CEUS data and pathological confirmation
was not feasible. We acknowledge this limitation and
suggest that future prospective studies could be
designed to include benign hepatic nodules, thereby
further improving the utility of CEUS-LI-RADS in a
broader clinical context. Lastly, the proportion of
LR-3-type and LR-4-type nodules in this study was
quite low due to pathological reasons, and selection
bias may have been introduced.

Conclusion

Our investigation showed that CEUS-LI-RADS is a use-
ful tool with a high specificity for distinguishing HCC
from MLT in an expanding population, namely patients
with chronic liver disease and extrahepatic malignancy.
Based on current LR-M criteria, a small proportion of
HCC cases may be classified as LR-M due to the pres-
ence of early washout (45-60s). Metastases catego-
rized as LR-3 are characterized by their diminutive size
and hypovascular supply.
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