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Abstract: Objective To investigate the relationship between quantitative analysis of contrast-enhanced ultrasound (CEUS) and
epithelial mesenchymal transition(EMT) related markers in patients with colorectal cancer liver metastasis (CRLM), and the
predictive value of CEUS for the prognosis of patients. Methods A total of 102 patients with CRLM admitted to the First
Affiliated Hospital of Hebei North University from June 2018 to July 2021 were selected as the study objects. Logistic regression
was used to analyze the correlation between CEUS quantitative parameters and prognosis, and the correlation between the
expression level of EMT related markers and CEUS quantitative parameters. Results The 3-year overall survival rate of 102
patients with CRLM was 42.16%. The E-cadherin immunohistochemical staining scores of survival group were significantly
higher , while the Vimentin, B-catenin and N-cadherin immunohistochemical staining scores were significantly lower than
those of death group(P<0.05). The time to peak (TTP)and area under the curve (AUC) in survival group were significantly higher,
while peak intensity (PI) was significantly lower than those in death group (P<0.05). After adjusting for confounding factors, TTP
[OR=0.40, 95%C#(0.31, 0.51), P<0.001], Pl [OR=3.43, 95%C} (2.16,5.43), P<0.001], AUC [OR=0.48, 95%C} (0.40, 0.58), P<0.001]
were significantly correlated with prognosis, and the correlation intensity of TTP, Pl and AUC with prognosis showed a
nonlinear dose-response relationship (P<0.001). TTP, Pl and AUC of CRLM patients with different E-cadherin scores were
significantly different(P<0.05). E-cadherin scores were significantly different from TTP [5=1.08, 95%C/ (0.42, 1.75), P=0.001], PI
[8=-0.60, 95%C# (-1.05,-0.22), P=0.002] and AUC [£=0.99, 95%C* (0.19, 1.77), P=0.015] were significantly correlated. TTP and
AUC increased with the increase of E-cadherin score, while Pl decreased. Conclusion CEUS quantitative parameters TTP, Pl and
AUC are closely related to the prognosis of patients with CRLM, and TTP, Pl and AUC may be prognostic factors of CRLM.
Keywords: Contrast-enhanced ultrasound; Colorectal cancer; Liver metastasis; Epithelial mesenchymal transformation;
Prognosis
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Colorectal cancer, a general term for colon cancer
and rectal cancer, is a common malignant tumor. It ranks
third in incidence among all malignancies and second in
cancer-related mortality rates [1]. Notably, approximately
half of colorectal cancer patients experience liver
metastasis during the course of the disease, which poses a
significant threat to the patient's quality of life and
disease prognosis [2]. Recent studies have shown that
epithelial-mesenchymal transformation (EMT) plays a
crucial role in the initiation, progression, and metastasis
of colon cancer [3]. The occurrence of EMT is a complex
process that is co-regulated by multiple signaling
pathways and cytokines, and is closely associated with
the expression of a series of proteins related to invasion
and metastasis. This sequence of events ultimately
promotes the migration and spread of cancer cells [4].
Currently, there are various methods for the early
diagnosis and efficacy assessment of colorectal cancer
liver metastases (CRLM), with magnetic resonance
imaging and computed tomography having relatively

poor real-time dynamic capability and radiation exposure
[5-7]. In contrast, contrast-enhanced ultrasound (CEUS)
quantitative analysis has technical advantages in dynamic
observation of tumors, providing clinicians with more
accurate information [8-9]. However, there are no reports
on the correlation between CEUS quantitative analysis,
EMT, and prognosis in CRLM patients. Therefore, this
study examines the preoperative CEUS quantitative
parameters in CRLM patients and analyzes their
relationship with EMT-related markers and prognosis.

1 Materials and Methods

1.1 Selection of Study Subjects

A retrospective analysis was conducted on 102
patients with CRLM who were admitted to the First
Affiliated Hospital of Hebei North University from June
2018 to July 2021, with ages of 38 to 70 (51.26+5.35)
years.
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Inclusion criteria:

(1) Pathologically confirmed diagnosis of colorectal
cancer;

(2) Liver metastasis confirmed by imaging or
pathological diagnosis [10];

(3) All patients underwent tumor resection surgery
to obtain colorectal cancer tissue;

(4) No preoperative radiotherapy or chemotherapy;

(5) All patients provided informed consent.
Exclusion criteria:

(1) Primary liver cancer;

(2) Metastasis to the liver from other organs besides
the colon and rectum;

(3) Perioperative death;

(4) Coexisting autoimmune diseases;

(5) Severe liver, kidney, or heart dysfunction;

(6) Cardiovascular and cerebrovascular diseases;

(7) Missing clinical data.

This study was approved by the Ethics Committee
of the First Affiliated Hospital of Hebei North University
(Ethical Approval Number: K20230168).

1.2 Research Methods

1.2.1 Ultrasound Examination

Ultrasonic examination was performed using DD70
Doppler ultrasound diagnostic equipment from DDIT Co.,
Ltd., equipped with a C5-1 ultrasound probe, with the
frequency set at 3.5 MHz. Patients were placed in a
supine position. First, a dual examination of
two-dimensional ultrasound and color Doppler ultrasound
was conducted to preliminarily assess the tumor's location,
quantity, size, morphology, echogenicity, and blood
supply. For patients with multiple lesions in the body,
lesions exhibiting a necrosis rate less than 50% were
prioritized as targets for CEUS examination. During
CEUS examination, 2.4 mL was drawn from the contrast
agent (SonoVue) suspension and rapidly injected into the
patient's antecubital vein via bolus injection. Immediately
afterward, 5.0 mL of saline was injected to flush the
catheter. Dynamic observation of both normal liver tissue
areas and metastatic lesion areas was performed for at
least 3 minutes, with key focus on recording and
analyzing the ultrasound manifestations during the
arterial phase, portal phase, and delayed phase.

The Qlab 10.0 contrast-enhanced ultrasound
quantitative analysis software was used to acquire
multi-frame ultrasound imaging data reflecting the
internal blood perfusion of the lesions. Regions of interest
(ROI) were defined to obtain time-intensity curves (TIC).
CEUS quantitative parameters were calculated, including
time to peak (TTP), peak intensity (PI), ascending slope
(AS), and area under the curve (AUC).

1.2.2 Immunohistochemical Analysis of Tissue Samples
and Scoring

Colorectal cancer tissue was fixed in 10% formalin
and processed into paraffin-embedded sections. After

dewaxing and rehydration, the sections were rinsed with
phosphate-buffered saline (PBS) three times for 3 minutes
each. To block endogenous peroxidase activity, 3% H20»
was applied for 10 minutes at room temperature, followed
by rinsing with PBS three times for 3 minutes each. One
drop of the corresponding primary antibodies E-cadherin
(1:10,000), B-catenin (1:5,000), Vimentin (1:1,000), and
N-cadherin (1:5,000) was added to each section, and
incubation was performed at room temperature for 2
hours. The specific primary antibody was then diluted,
and incubation was continued at 37°C for 20 minutes,
followed by rinsing with PBS three times for 3 minutes
each. The sections were stained with
3,3'-diaminobenzidine (DAB) and mounted with resin.
Each section was observed under 400x magnification,
and five random fields were selected to count 100 tumor
cells. The percentage of positive tumor cells
(brown-yellow) was scored as the relative intensity of
protein expression. The scoring criteria for the percentage
of positive tumor cells were: 0 point for <5%, 1 point for
5% to 25%, 2 points for 25% to 50%, 3 points for 50% to
75%, and 4 points for >75%.

1.2.3 Data Collection

Basic and clinical data were collected for all patients,
including age, body mass index (BMI), primary tumor site,
gender, liver metastasis size, primary tumor size, number of
liver metastases, degree of differentiation, TNM stage [11],
radical resection, and postoperative chemotherapy. Fasting
venous blood samples were taken from patients the morning
after admission. Carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9) were measured using the
ELISA  method. Quantitative ~ parameters  from
contrast-enhanced ultrasound (CEUS), including TTP, PI, AS,
and AUC, were collected. EMT-related markers in colorectal
cancer tissue, such as E-cadherin, B-catenin, Vimentin, and
N-cadherin, were evaluated by immunohistochemical staining
and scoring. After discharge, all patients were followed up
every 3 months to monitor their survival status. The follow-up
endpoint was 3 years after discharge or death, and the
follow-up will continue until August 2024.

1.3 Statistical Methods

Data analysis was performed using SPSS 22.0
software. Normally distributed continuous variables were
expressed as x +s, and inter-group comparisons were
made using independent sample #-tests. Non-normally
distributed continuous variables were expressed as
M(P>5,P75), and inter-group comparisons were made using
the Mann-Whitney U test. Categorical data were
expressed as frequencies, and inter-group comparisons
were made using the chi-square test. Logistic regression
analysis was used to assess the relationships between
CEUS quantitative parameters, EMT-related markers, and
the prognosis of CRLM patients. Restricted cubic spline
analysis was used to examine the strength of association
between CEUS quantitative parameters and prognosis. A
P<0.05 was considered statistically significant.
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2 Results
2.1 Prognostic Factors Analysis in CRLM Patients

The 3-year overall survival rate for 102 CRLM
patients was 42.16% (43/102). The study found no
statistically significant differences in the prognosis of
CRLM patients based on age, gender, BMI, primary
tumor location, primary tumor diameter, T stage, N stage,
or CA19-9 levels (P>0.05). However, patients with liver
metastasis diameter = 5 cm, = 3 liver metastases,
high/medium differentiation, non-curative resection, no
postoperative chemotherapy, and CEA =10 ng/mL had a

lower 3-year survival rate (P<0.05). See Table 1.
2.2 Comparison of EMT-Related Marker Scores

The E-cadherin immunohistochemical staining score
in the survival group was significantly higher than that in
the death group. Conversely, the immunohistochemical
staining scores for Vimentin, B-catenin, and N-cadherin
were significantly lower in the death group (£<0.05). See
Table 2.

Tab.1 Analysis of prognostic factors in patients with CRLM

. 3 Ve P
Indicators Cases (%) 95%CI el e
Age

<60 years 53 47.17 32.57-51.74

>60 years 49  36.73 33.73-60.61 e
Gender

Male 55 4545 32.29-58.61

Female 47 38.30 24.40-52.20 UoR2) Mgy
BMI

<25 kg/m? 70 4429 32.65-55.92

>25 kg/m? 32 37.50 20.73-54.27 0415 0.280
Primary tumor location

Rectum 57 45.61 32.68-58.54

Colon 45 37.78 23.61-51.94 0.633 0426
Primary tumor diameter

<5 cm 60 46.67 34.04-59.29

>5 em 42 3571 21.22-50.21 el 02
Diameter of liver metastases

<5 cm 67 49.25 37.28-61.23

=5 em 35 28.57 13.60-43.54 4033 OG5
Number of liver metastases

<3 50 54.00 40.19-67.81

>3 52 30.77 18.22-43.31 bl 0018
Degree of differentiation

High/moderate 68 3235 21.23-43.47

Poorly 34 61.76 45.43-78.10 SRS
T stage

T2/Ts 71 43.66 32.13-55.20

T 31 3871 2156-5586 217 0641
N stage

No 35 40.00 23.77-56.23

Ni/N; 67 4328 3142-55.15 0102 0750
Radical resection

Yes 44 59.09 44.56-73.62

No 58 2931 17.60-41.03 9-1000.003
Postoperative

chemotherapy

Yes 64 5625 44.10-68.40

No 38 1842  6.10-30.75 13.992 <0.001
CEA

<10 ng/mL 50 52.00 38.15-65.85

>10 ng/mL 52 32.69 19.94-45.44 3.8970.048
CA19-9

<37 u/mL 43 48.84 33.90-63.78

>37 u/mL 59  37.29 24.95-49.63 13600243

2.3 Comparison of CEUS Quantitative Parameters
Between Two Groups

There was no statistically significant difference in AS
between the survival and death groups (P&gt;0.05). The
survival group had significantly higher TTP and AUC,
and significantly lower PI compared to the death group
(P<0.05). See Table 3.

2.4 Correlation Analysis of CEUS Quantitative

Parameters and Prognosis

Statistically  significant =~ CEUS  quantitative
parameters between the survival and death groups were
stratified (Q1-Q5), and a logistic model was established
to progressively exclude confounding factors with
collinearity. The model adjusted for liver metastasis
diameter, number of liver metastases, differentiation,
curative resection, postoperative chemotherapy, and CEA
levels to eliminate the impact of confounders on
prognosis. In the unadjusted model (unadjusted model),
each CEUS quantitative parameter was significantly
correlated with prognosis (P<0.01). After adjustment,
TTP (OR=0.40, 95%CI: 0.31-0.51, P<0.01), PI (OR=3.43,
95%CI: 2.16-5.43, P<0.01), and AUC (OR=0.48, 95% CI:
0.40-0.58, P<0.01) remained significantly correlated with
prognosis. As TTP, PI, and AUC increased (Q2-Q5), the
trend analysis of their association showed statistically
significant differences (P end<0.05). See Table 4.

2.5 Dose-Response Relationship Between CEUS

Quantitative Parameters and Prognosis

Using TTP = 23.47 s, PI = 10.44 dB, and AUC =
732.77 as reference points, a restricted cubic spline model
(4 nodes, node positions at 0.05, 0.35, 0.65, and 0.95) was
established to analyze the dose-response relationship
between CEUS quantitative parameters and prognosis.
After adjusting for liver metastasis diameter, number of
liver metastases, differentiation, curative resection,
postoperative chemotherapy, and CEA levels, the
relationship between TTP, PI, and AUC and prognosis
showed a nonlinear dose-response relationship (nonlinear
test, P<0.01). See Figure 1.

Tab.2 Comparison of the expression levels of EMT related
markers between the two groups

Group Cases E-cadherin Vimentin p-catenin N-cadherin
Survival group 43 3.48+0.89 2.28+0.79 2.21+£0.47 1.12+0.45
Death group 59  2.70£0.71 3.82+0.85 3.78+0.74 2.13+0.65
t value 4.920 9.306 12.223 8.767

P value <0.001 <0.001 <0.001 <0.001

Tab.3 Comparison of CEUS quantitative parameters between
the two groups
Group Cases TTP PI(dB)  AS(dB/s) AUC
Survival group 43 27.87+6.38 9.70+3.07 0.56+0.30 768.75+80.90
Death group 59  22.1545.94 12.60+4.39 0.48+0.24 717.20+70.60
t value 4.655 3.717 1.495 3.423
P value <0.001 <0.001 0.138 0.001
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2.6 Comparison of CEUS Quantitative Parameters
in CRLM Patients with Different EMT-Related

Marker Scores

CEUS quantitative parameters (TTP, PI, AS, and
AUC) were compared between CRLM patients with
different EMT-related marker scores. The results are
shown in Table 5. There was no statistically significant
difference in CEUS quantitative parameters among
CRLM patients with different Vimentin, B-catenin, and
N-cadherin  immunohistochemical  staining  scores
(P<0.05). However, there were statistically significant
differences in TTP, PI, and AUC among CRLM patients
with different E-cadherin scores (P<0.05).

Tab.4 Correlation analysis of quantitative parameters of

CEUS and prognosis

Variable

Uncorrected Model

Adjusted Model

TTP
Qi(<19.15)
Q:(19.15-<22.23)
Q3(22.23-<24.51)
Q4(24.51-<27.25)

Reference

0.73(0.61-0.87)
0.58(0.42-0.82)
0.49(0.40-0.60)

0.69(0.58-0.83)
0.59(0.45-0.77)
0.50(0.43-0.58)

Qs(>27.25) 0.38(0.27-0.54) 0.40(0.31-0.51)
Pirena value <0.001 <0.001
PI(dB)

Q1(<8.35) Reference

Q:(8.35-<10.12)
Q1(10.12-<11.26)
Q4(11.26-<12.55)

1.31(0.89-1.92)
1.78(1.19-2.68)
2.19(1.58-3.03)

1.30(0.95-1.90)
1.86(1.18-2.51)
2.13(1.38-3.29)

Qs(212.55) 3.49(2.35-5.18) 3.43(2.16-5.43)
Pena value <0.001 <0.001
AUC

Q1(<663.28) Reference

Q:(663.28-<704.65)
Q3(704.65-<746.80)
Q4(746.80-<794.32)
Qs(2794.32)

0.80(0.62-1.02)
0.72(0.56-0.92)
0.60(0.43-0.84)
0.49(0.38-0.64)

0.80(0.65-0.98)
0.68(0.53-0.87)
0.64(0.55-0.74)
0.48(0.40-0.58)

Prrena value

0.001

<0.001

Note: a, the adjusted indicators included the diameter of liver metastases.,
number of liver metastases., differentiation degree, curative resection,

postoperative chemotherapy, and CEA level.

OR value

TTP(s)
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Fig.1 Association strength between CEUS quantitative
parameters and prognosis in CRLM patients by restricted cubic
spline model

Tab.5 Comparison of CEUS quantitative parameters in CRLM patients with different EMT related marker scores

Item Score TTP PI(dB)  AS(dB/s) AUC Item Score TTP PI(dB)  AS(dB/s) AUC

E-cadherin 0(n=9) 19.86+5.29 13.66+3.45 0.46+0.27 688.64+70.67 | p-catenin  0(n=8) 23.43+6.01 12.70+3.65 0.51+0.30 802.53+64.99
1(n=7) 21.73+5.56 13.14+3.60 0.54+0.26 713.52+77.44 1(n=8) 25.25+5.26 9.83+3.43 0.60+0.23 743.25+75.57
2(n=14) 22.45+6.27 12.52+3.31 0.52+0.21 737.60+75.54 2(n=15) 22.30+5.70 11.7243.55 0.52+0.28 757.28+68.37
3(n=21) 23.2745.77 11.37£3.48 0.55+£0.23 745.86+69.56 3(n=18) 24.26+5.41 10.45+3.42 0.53+0.24 753.65+£66.22
4(n=51) 25.69+5.77 10.11+3.23 0.47+0.23 776.58+75.79 4(n=53) 24.22+5.48 11.33+3.51 0.46+0.22 745.22+76.83
F value 2.839 3.738 0.593 3.675 F value 0.509 0.978 0.807 1.121
P value 0.028 0.007 0.668 0.008 P value 0.729 0.423 0.523 0.351

Vimentin  0(n=5) 25474593 11.27+3.38 0.52+0.22 763.28+69.43 | N-cadherin 0(n=32) 24.54+6.26 11.53+3.27 0.49+0.27 758.63+£72.83
1(n=7) 26.86+5.62 12.53+3.44 0.48+0.20 774.36+78.98 1(n=14) 23.82+5.68 12.924+3.48 0.62+0.29 779.25+68.16
2(n=13) 24.23+5.67 11.86+3.28 0.47+0.20 742.85+77.22 2(n=21) 24.63+5.45 10.68+3.65 0.51+0.22 743.80+64.14
3(n=15) 23.67+5.73 10.75£3.27 0.56+0.24 757.21+68.86 3(n=19) 23.42+5.61 9.74+3.37 0.43+0.24 725.69+£69.01
4(n=62) 23.35+6.07 11.05+3.51 0.494+0.23 750.57+64.88 4(n=16) 22.70+5.93 11.58+3.75 0.47+0.21 762.13+64.10
F value 0.669 0.475 0.375 0.306 F value 0.375 1.934 1.264 1.491
P value 0.615 0.754 0.826 0.874 P value 0.826 0.111 0.289 0.211
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3 Discussion

The formation and migration of tumors begin with
the disruption of their connections with neighboring cells,
followed by the breach of the basal membrane barrier,
infiltration into surrounding stromal tissues, and
ultimately integration into the blood circulation system,
leading to the spread of cancer cells [12]. Some scholars
believe that the metastatic mechanism of tumors is
closely related to EMT. EMT, as the biological process
where epithelial cells transform into mesenchymal cells,
is widely involved in various life stages of organisms,
including embryonic development, tissue repair, and the
occurrence and progression of malignant tumors.
Especially in the occurrence and progression of malignant
tumors, EMT promotes the loss of epithelial
characteristics and the acquisition of mesenchymal cell
traits by affecting the morphology and intercellular
adhesion properties of tumor cells. This process
constitutes a key pathological mechanism through which
EMT facilitates tumor invasion and metastasis. Ultimately,
the migratory and invasive abilities of cells are
significantly enhanced, allowing them to penetrate
surrounding tissues, achieve local infiltration, and
disseminate to distant sites via the blood or lymphatic
system [13]. In this study, we compared the expression of
various EMT-related markers in patients with different
prognoses of CRLM. We found that the
immunohisto-chemical staining score for E-cadherin in
the survival group was significantly higher than that in
the death group, while the immunohistochemical staining
scores for Vimentin, B-catenin, and N-cadherin were
significantly lower in the death group. Vimentin is mainly
localized in the cytoplasm of mesenchymal cells, where
its primary role is to support the cell structure and
maintain the overall stability of tissues. As a key marker
of malignant tumors and EMT, Vimentin is positively
expressed in mesenchymal-origin cells. Therefore, if
Vimentin is detected as positively expressed in epithelial
cells, it suggests that EMT has occurred in the tumor [14].
E-cadherin is a crucial cell membrane adhesion protein
that plays a vital role in maintaining the polarity and
integrity of epithelial cells. Under normal physiological
conditions, E-cadherin regulates cell-to-cell adhesion and
interactions between cells and the extracellular matrix,
ensuring the integrity and stability of tissue structures.
However, once the expression level of E-cadherin
decreases, it leads to weakened or even lost adhesion
between like cells, which not only interferes with the
development and morphological formation of normal
tissues but also causes the loss of cell polarity in
malignant tumor cells, enabling the tumor cells to acquire
invasive growth ability [15]. The adhesive activity of
E-cadherin on the cell surface is regulated through a
mechanism that transmits signals from inside the cell to
the outside. This process may include conformational
changes similar to integrin regulation of homophilic
adhesion bonds. When cadherin types change from
E-type to N-type, i.e., when E-cadherin is transformed

into N-cadherin, it marks the process of tumor cells
undergoing EMT. This transformation directly leads to a
significant reduction in intercellular adhesion, followed
by an increase in cell motility and a marked enhancement
in the cell's ability to invade and metastasize. B-catenin
binds with E-cadherin to form the E-cadherin/p-catenin
complex, which plays a crucial role in establishing cell
polarity,  stabilizing intercellular  adhesion, and
maintaining tissue structural morphology. However, when
the quantity of this complex decreases, it directly
weakens the adhesion strength between cells, making
tumor cells more prone to detachment from the primary
site, thereby increasing their risk of diffusion and
metastasis [16-17].

For patients with colorectal cancer liver metastasis,
surgical resection is a treatment that can significantly
improve their survival rate. Currently, the evaluation of
treatment plans generally refers to the solid tumor
efficacy evaluation standards, which rely on imaging
techniques such as MRI and CT to track changes in the
tumor's anatomical structure. However, it is worth noting
that, in the short term after surgery, the tumor's size often
does not show significant changes, which somewhat
limits the accuracy of evaluating tumor efficacy based
solely on anatomical structural changes [18]. Recent
studies have found that before obvious changes in the
tumor's anatomical structure, CEUS can capture dynamic
changes in blood flow perfusion within the tumor,
suggesting that CEUS may be an effective monitoring
method. This study found that TTP and AUC were
significantly higher in the survival group, while the PI
was significantly lower in the survival group compared to
the death group. CEUS quantitative parameters TTP, PI,
and AUC were significantly correlated with prognosis.
The relationship between TTP, PI, and AUC and
prognosis  followed a nonlinear  dose-response
relationship. CEUS can extract both enhancement
intensity (such as PI and AUC) and time-related
information (such as TTP) from the TIC. These
parameters are based on a series of key assumptions, one
of which is that signal intensity is proportional to
microbubble concentration. Since TTP is related to blood
flow velocity, and PI and AUC are related to blood
volume, it can be inferred that in the survival group, the
lesion's blood volume is reduced, and the number of
microbubbles entering the lesion decreases [19]. Zhang et
al. [20] found in their study on the expression differences
of EMT markers in various ultrasound manifestations of
breast cancer that ultrasound features can serve as a
non-invasive way to predict the expression levels of EMT
markers in breast cancer patients. Our study found that
different E-cadherin staining scores in CRLM patients
showed statistically significant differences in CEUS
quantitative parameters (TTP, PI, and AUC). As the
E-cadherin staining score increased, TTP and AUC
increased, while PI decreased. These CEUS quantitative
parameters were correlated with the expression levels of
EMT-related markers in CRLM patients.

However, there are certain limitations in this study.
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All data were derived from a single medical center, which
may introduce some bias. The study population was
limited to Chinese Han people, without including other
ethnic groups or populations from other countries, so the
generalizability of the results needs further validation.
The study lacks prognostic data beyond three years, and
the depth and breadth of the analysis could be further
enhanced. These aspects can be improved in future
research.

In summary, CEUS quantitative parameters are
related to the expression levels of EMT markers in
CRLM patients. CEUS quantitative parameters can to
some extent reflect the expression of EMT markers. TTP,
PI, and AUC are associated with prognosis in CRLM
patients, and these parameters may serve as prognostic
predictors for CRLM.
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WE: B BSOS (CEUS) @ R T 5 45 BB IR 82 (CRLM) JR 3% 1 57 (8] e Ak (EMT) AH G R s
W Z, Bt R HUG BN E . F7iE PEFE 2018 4 6 H 2 2021 45 7 H il bt Jy 4 e it I 5 — B B iy 1)
102 15 CRLM SR # 1 AR50 5, SR H logistic 1A 43 M CEUS &2 2505 TS AOAR S , B EMT ARG AR i 4
K5 CEUS E RS EIIM AL, S8 1026 CRLM B3 345 KR 1R8N 42.16% , Fi Bl 45 R i A= AR
W B E A T (n=43) FISET- 4 (n=59) . EAFLL B E-cadherin B4 Y 5 B35 5 TIET-41,
Vimentin ,B-catenin & N-cadherin S 41 AL G A PEo B ZARTAET-41(P<0.05 ) ; A= 774 BB & kWG] (TTP) (IR
AL (AUC) B35 7 TAET- 4, W (58 B (P B 35 (K TAET- 41 (P<0.05) . JHEEIR AN, TTP(OR=0.40,95%CI :
0.31~0.51, P<0.01) . PI(OR=3.43,95%CI : 2.16~5.43 , P<0.01) . AUC (OR=0.48 , 95%CI ; 0.40~0.58 , P<0.01) 5 T
J& B2 AH G, TTP  PL 2 AUC 5 FlJS 1 JCIGsR BE B S AR G M R d - S B DG R (AR ZR M A, P<0.01) o AN A
E-cadherin 743 CRLM & TTP Pl 2 AUC 2 54 G 1T 2% 5 L (P<0.05) , E-cadherin 7435 TTP(8=1.08,95%Cl:
0.42~1.75,P=0.001) .PI(8=-0.60,95%CI:~1.05~-0.22,P=0.002) }2 AUC(B=0.99,95%C1:0.19~1.77,P=0.015) . ##H
X, BE% E-cadherin TF5M45 1, TTP AUC FHimi  PINIRENR. 2518 CEUS @RS EUTTP . PI I AUC 5 CRLM B iU
FEYIAHDE, TTP \PL A AUC W] R CRLM FilJ Fit i 5 -

KR WA S HRITEE, RERE; BUs

FE4ZES: R735.3'5 XBAHRIRAD: A XEHS: 1674-8182(2025)07-0993-06

Relationship between quantitative parameters of contrast-enhanced ultrasound
and EMT-related markers and prognosis in patients with

liver metastasis of colorectal cancer
CHEN Xi', SUN Gaixia, WANG Likun, WU Xueliang
"Department of Ultrasound Medicine, The First Affiliated Hospital of Hebei North University , Zhangjiakou,
Hebei 075061, China
Abstract: Objective To investigate the relationship between quantitative analysis of contrast - enhanced ultrasound
(CEUS) and epithelial mesenchymal transition (EMT) related markers in patients with colorectal cancer liver
metastasis (CRLM) , and the predictive value of CEUS for the prognosis of patients. Methods A total of 102 patients
with CRLM admitted to The First Affiliated Hospital of Hebei North University from June 2018 to July 2021 were
selected as the study objects. Logistic regression was used to analyze the correlation between CEUS quantitative
parameters and prognosis, and the correlation between the expression level of EMT related markers and CEUS
quantitative parameters. Results The 3-year overall survival rate of 102 patients with CRLM was 42.16%.
According to the survival status at the end of the follow-up , the patients were divided into the survival group

(n=43) and the death group (n=59). The E - cadherin immunohistochemical staining scores of survival group were
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significantly higher, while the Vimentin, [ -catenin and N - cadherin immunohistochemical staining scores were

significantly lower than those of death group (P<0.05). The time to peak (TTP) and area under the curve (AUC) in

survival group were significantly higher, while peak intensity (PI) was significantly lower than those in death group (P<
0.05). After adjusting for confounding factors, TTP [OR=0.40, 95%CI(0.31,0.51), P<0.01], PI[OR=3.43, 95%CI
(2.16,5.43), P<0.01], AUC[OR=0.48, 95%CI(0.40,0.58), P<0.01] were significantly correlated with prognosis,

and the correlation intensity of TTP, PI and AUC with prognosis showed a nonlinear dose-response relationship (P<
0.01). TTP, PI and AUC of CRLM patients with different E-cadherin scores were significantly different (P<0.05). E-
cadherin scores were significantly different from TTP [8=1.08, 95%(CI(0.42,1.75), P=0.001], PI [3=-0.60, 95%CI
(-1.05,-0.22), P=0.002] and AUC [8=0.99, 95%CI(0.19,1.77), P=0.015] were significantly correlated. TTP and

AUC increased, while PI decreased, with the increase of E-cadherin score. Conclusion CEUS quantitative parameters

TTP, PI and AUC are closely related to the prognosis of patients with CRLM, and TTP, Pl and AUC may be prognostic

factors of CRLM.

Keywords: Contrast-enhanced ultrasound; Colorectal cancer liver metastases; Epithelial mesenchymal transformation

Prognosis
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ENEN 7R p s S RN U RS C L I R
AT A g b Ja B =L, R IE A DG AL T
FOTE AL 1 AT R, A R8s
B B R AR RS R R H AR
T STt R U AR B T BRI > o BT R b
] i %% 1k (epithelial mesenchymal transformation,
EMT) 7E45 i 0 4 HE R T S 7% 10 2% A R BE Y B
Py T EENMAEAY, EMT AL B —AE 4wl
FE, 52BN Z M5 S s S A A 7 R e el a4, S
— RIN GIEEFEAL AR DR BT RIR B DA . X
— ROV LA TR TR Sy ECY . B
A PR X 4% 1 98 I 5% 7% (colorectal cancer liver
metastases, CRLM) [ 52 W S P RO i 2,
HrPREHAR AR SRATLIBTZ 55 AR RS2 sh 2
BeZE, HHEATAE . 108 75 1 5 (contrast -en-
hanced ultrasound, CEUS) & f 23T 76 Beg B 3 25 2%
T THEABARNES, RE M R B IR B e i (5
B (HHATE CRLM 4 CEUS E #3475 EMT
RS ARSAER TR WAGE , IHABFEN CRLM 4
ARHTCEUS E SESHGHA TR, 73 A 5 EMT ARG
Y HUEHIOCER  IHRIETITT .

1 &ARSHE

L1 AR A% BRI bt Be ka2 — B e
2018 4 6 H 2 2021 4 7 H Wik 19 102 i) CRLM & &
VE R Wik 58 %5 G2 1A T 1m0 B 4 7, 491 38~70(51.26+
5.35)% o WARRAE: (1) SRR PE2FIESE NS B ;
(2) GRS BUR B F S BN A R85 (3) &
TR R UIRRAIRYT RIS B2 (4) R

BIAREHYT AT s (5) BB LIS FEAMIE . HE
BRbpite: (1) JSURPERTE 5 (2) BRES B AN AR S
MR RS B FE 5 (3) F T ARWIBET; (4) BIFA S
WL RGP ; (5) I ER E O IIBESH
(6) LMK AP 5 (7) I IRBERHBR G . ABFFR A B2
BEfeHZ 5y 2t (R P S K20230168) .

12 AR5k

121 EEfd SRHTEER DD70 % (0 234 il
PSR A, LA C5-1 BB A Sk 0% 3.5 MHz,
A BUMEMALL , i e T el A SR 028 )
A ) XU AG A, DL PEAG R i A B R
AN A R A S DA . X TR N AT
AR B SRR B E AR T 50% R kLA R
4 CEUS KM i) Hbm o 2E4T CEUS K £ ik, Wit 52571
(SonoVue) {i 2 H AL 2.4 mL, 18 32 A1 1 7 e s
TEAGRE B s B N, S T 5.0 mL A= R
AR ULk S48, X IR () E 5 A 4 DX s R e RS
DA T 2 /0 3 min BB WEE , D s sl
JOKABT T TR K SiE 3R S R P R B SR Qlab 10.0
T P 52 0 B AT A RO ek A S L R
M Z WO PR TTRL, BOEEOGERIX AR IR ) -5
£k (time-intensity curve, TIC), i CEUS EBSH,
A3 IR IR E] (time to peak,TTP) \m%ﬁgilg(peak in-
tensity, PI) . FFH#EP% (ascending slope , AS) FIHHZE T 1
F(area under the curve, AUC)

122 HHEREARGREH T LIIE  10%00
[E 3 45 B A, W A YD 2% ) Bk
K, FHBEFR 2% vh L 7% W (phosphate buffered saline,
PBS) M1k 3 minx3 . 3% (1 HL0, BT g 1 o Ak
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Wt , 253 FWEE 24 10 min, R PBS #1963 minx3 1%,
BTV R 3 0 IR AR L 9 5 — B A E- 25 2 85 1
(E-cadherin) (1:10 000) . B—catenin(l :5000) .Vimentin
(1:1000) N-cadherin(1:5000) , M & 2 ho #ik
FEE—PT, 37 CHFE 20 min, PBS #11% 3 minx3 ¥,
3,3- RSO A, WA E R, kU AT
400 5 T BEALVLEE 5 AP, IF 1% 100 4> fib 97 20
JEL o R P IE A e 8 4 B (R 62 ) 7 43 LU P VR
FE IR AT SR . PR es 4 L A5 - 0 43 <5%
153N 5%~25% , 2 530 > 25%~50% , 3 53 1 > 50%~
75% ,453>75%.

123 GORMGAE ISR B E IR TR AIm R TR},
ISR AR BRI 454U (body mass index, BMI)
P R Mg P A R AL BAR Uk MR B AR T
KRS AEE AR EE CTNM 20 A AR UIBR AR I
7 5 BB A BRI H R RS IRk I, SR ELISA v
I %€ 96 BT B (carcino-embryonic antigen, CEA) B2
FIPTE 19-9(carbohydrate antigen 19-9,CA19-9); ke
CEUSERSHTTP P1.AS J AUC; Krill4h B i 21
EMT A0 %45 E ¥ 6335 E-cadherin . [3-catenin, Vimentin
J N-cadherin %2 AL YL O PF43 5 i BE o X Ty i3
HEATREDT, B34 H LR, TR AR B3 B
3AFEEBET ARG R, BEVIZE 2024 4F8 H .

1.3 itk RHAISPSS 22.0 /3. 1F
AT R TORN vs Fo , 21 IA] UBCR PN FEAR
R s AR RS A TR GO M(Pas, Prs) 3755, 4]
AR H Mann-Whitney U0, THEBORIGIZR
A R KR . Logistic [543 CEUS /& 2
5 EMT A CHR G 6 3= S CRLM B3 15 1)
FHSEME . SR FRRIPE ST T RESR 50 CEUS 2 it 250
UG KCHESRE . P<0.05 WZERAG-E L

2 & R

2.1 CRLM B %% m B ZE 54 1024 CRLM &
H 3BT N 42.16%(43/102) , WF 5% & BLAE IS |
PR BMIL st & Bieg 47 i & g LA (T 403 N
A3 K% CA19-9 7K -5t CRLM £ 3% il 500 2% 5 To 58
TR L(P>0.05) ;s B A B =S5 em JFEE A
=34 b ok R RA VIR R JE R AETT K&
CEA=10 ng/mL %) f8 & Tl J5 3 4F A A7 % I (P<
0.05)., W1,

22 WAEMTAHI A AR EWIFr & FHBEHZE R
B A AR B 0 B AR A (n=43) FIFE T4
(n=39) ., 17 B # E-cadherin H B H AL YL (O 1F )

I & = FAET-41, Vimentin . B-catenin & N-cadherin
BB AL e 0743 ) i IR T AET- 41 (P<0.05) . DL
2.

23 WUACEUS EEAK A NIET- 4R
HASER TG L (P>0.05) , AP435 TTP,
AUC B35 TAET-4, PUN R I AL T4 (P<0.05) .
L33,

24 CEUSE SAHKLFEHAEMIM  BHAF
HFFET-H 2 74 Geit2# B U CEUS & it 2 0%
JER143 (Q1~Q5) , H 57 logistic A6 5 32 A HE B 17 76 4t
LR AHE R, AR IEMNEBI R TR
SEEL AR EE HIA PRI R RS ARTT L CEA TR,
DLTH PR TR 2% B R TS A B2 76 A 28 R 4% 1 B
T (RAZIERRD) Hr, 4 CEUS E S5 S il B 3%

1 CRLM B#F WG 2 K2R o b

Tab.1  Analysis of prognostic factors in patients with CRLM

E| BE AFR(%)  95%CI YH P
A
<60% 53 4717  32.57~51.74
1.1 2
=60 % 49 3673  33.73~60.61 90279
5
5 55 45.45 32.29~58.61
532 4
% 47 3830 2440-5220 03 0466
BMI
<25kgm> 70 4429  32.65~55.92
=25kg/m’ 32 3750 2073-5427 045 0520
T g A
Hi 57 45.61 32.68~58.54
7] 45 37.78 23.61~51.94 0.633 0426
SR e AR
<5cm 60 46.67  34.04~59.29
=5cm 42 35.71 212~5021 A5 0270
TRk B AR
<5cm 67 4925  37.28~61.23
=5 cm 35 28.57 13.60-43.54  H033 0045
TFEER L8R
<34 50 54.00  40.19~67.81
641 01
=34 52 30.77 18224331 O 0.018
SHALRRRE
wh Ak 68 3235 21.23~43.47
8.041  0.005
sk 34 6176  45.43~78.10
T 434
To/ T 71 4366  32.13~55.20
T 31 38.71 21.56~55.86 0.217 0641
N4
Not 35 4000  23.77~56.23
NN, 67 4328 3142-5515 0102 0750
IR TEVIBR
=)
= 44 59.09  44.56~73.62
1 X
ES 58 29.31 17.60-4103 100 0003
Y NEXIZis
prs 64 5625  44.10~68.40
7 38 18.42 6.10~3075 3992 <0001
CEA
<10ng/mlL 50 5200  38.15~65.85
=10 ng/mlL. 52 32.69 19944544 897 0048
CA19-9
<37uwmL 43 48.84  33.90~63.78
=37 w/mL 59 3729 2495-4963 200 0243
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A5 (P<0.01) , J# )5, TTP(OR=0.40,95%CI : 0.31~
0.51, P<0.01) . PI (OR=3.43, 95% CI : 2.16~5.43, P<
0.01) . AUC (OR=0.48,95%CI : 0.40~0.58 , P<0.01) 1/}
515 2 3% M o5&, B & TTP. PI & AUC 1 2 7t
(Q2~Q5) , L OCIR AN FA VA 10 22 = 38 A e i
(P uy<0.05), W34,

2.5 CEUSZE #4485 FUs X BRI 7l T- R %
Z  RILLTTP=23.47 s.PI=10.44 dB.AUC=732.77 dB-s
VE R 228 0, 7 BR A 37 A A Y (49 B0
4,75 S B4 0.05.,0.35.0.65.0.95) 43 1 4% CEUS &
TS UG R - B G R A SRR
IEEAR R AR R AR VIR RS
fbF7 .CEA K5, TTP . PL & AUC 5 i J5 1 JC B
£ 34 5 AR 2k R i - By o6 R (AEZRPE R, P<
0.01). LK1,

2.6 R FEMT 48 % 47 & 43 % CRILM & % CEUS &
FHAHOT BARE EMT A EAR YIS CRLM B
#H CEUSE RSB HUTTP P AS K& AUC HEF 7 X} L, 2534

F2 WHEMTHICAREYFBACERTLL  (32s)

Tab.2 Comparison of the expression levels of EMT related

markers between the two groups  (xs)
215 %0 E-cadherin  Vimentin  B-catenin  N-cadherin
HAFA 43 3.48+0.89 2.28+0.79 2.21+0.47 1.12+0.45
T4l 59  2.70+0.71 3.82+0.85 3.78+0.74  2.13+0.65
tfH 4.920 9.306 12.223 8.767
PIE <0.001 <0.001 <0.001 <0.001

F®3 PILLRH CEUS E SR L
Tab.3 Comparison of CEUS quantitative parameters between
the two groups
PI(dB)* AS’ AUC(dB-s)*
9.70+3.07 0.55(0.36,0.77) 768.75+80.90

4ui - B TTPGs)”
FEAEAL 43 27.87+6.38

BT 59 22.15£5.94 12.60+4.39 0.47(0.32,0.64) 717.20£70.60
VAL 4.655 3.717 0.854 3.423
P1H <0.001 <0.001 0.372 0.001

‘Elf:“j‘]lxj}isi%;(;I‘j"][)J\M(st,P75)i%/T§o

% 5 iz, ANJA) Vimentin | B-catenin & N-cadherin 4,
JEA AL Y B CRLM (3% 45 5 CEUS & 5 S 802
SIS X (P>0.05) , A[A] E-cadherin 43 CRLM
B TTP PL I AUC 22 558 G it 15 L (P<0.05) , %5
ZH A AS 22 R gt it L (P>0.05) o E-cadherin P
55 TTP (8=1.08, 95% CI: 0.42~1.75, P=0.001) . PI
(B=-0.60,95%CI: -1.05~-0.22, P=0.002) 5 AUC (8=
0.99, 95%CI: 0.19~1.77, P=0.015) i & tH 5 , Bl E -
cadherin PE438 I, TTP . AUC Bifi 2 TH 55 , PG Z A

F4  CEUSTEEZHSGHUR RIS
Tab.4 Correlation analysis of quantitative parameters of
CEUS and prognosis

Ak OR(95%CI)
TTP(s)

T4 )5 OR(95%CI)*

01(<19.15)

02(19.15~<22.23)
03(22.23~<24.51)
04(24.51~<27.25)

0.73(0.61~0.87)
0.58(0.42~0.82)
0.49(0.40~0.60)

2
0.69(0.58~0.83)
0.59(0.45~0.77)

0.50(0.43~0.58)

02(8.35~<10.12)
03(10.12~<11.26)
Q4(11.26~<12.55)

1.31(0.89~1.92)
1.78(1.19~2.68)
2.19(1.58~3.03)

Q5(=27.25) 0.38(0.27~0.54) 0.40(0.31~0.51)
Pl <0.001 <0.001
PI(dB)

01(<8.35) SR

1.30(0.95~1.90)
1.86(1.18~2.51)
2.13(1.38~3.29)

02(663.28~<704.65)
03(704.65~<746.80)
04(746.80~<794.32)
Q5(=794.32)

0.80(0.62~1.02)
0.72(0.56~0.92)
0.60(0.43~0.84)
0.49(0.38~0.64)

05(=12.55) 3.49(2.35~5.18) 3.43(2.16~5.43)
Pyl <0.001 <0.001
AUC(dB-s)

Q1(<663.28) Z

0.80(0.65~0.98)
0.68(0.53~0.87)
0.64(0.55~0.74)
0.48(0.40~0.58)

0.001

<0.001

Pl

E IR B AT R AL AR PR RS AR S AR A TEDIRR AR
JFALST \CEA K-

4.0 4.0
3.0
<201
=
1.0
0L L L L L L 0L L
18 20 22 24 26 28 8 9

TTP(s) ®

PI(dB) ®

0L , , , , , ,
650 675 700 725 750 775 800
AUC(dB-S) ©

11 12 13

VE:ALTTP 5 R )-SR 6 3R 5 B, PLS BUR A9 RN R 5 €, AUC 5 R A k- B 2R
B BRIy B AR ST CRLM A CEUS & S TR SR

Fig.1

The association strength between CEUS quantitative parameters and prognosis in CRLM patients by restricted cubic spline model
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x5 AR EMTAHZE RG> CRLM 34 CEUS ERSH
X
Tab.5 Comparison of CEUS quantitative parameters in CRLM
patients with different EMT related marker scores
i PEAY TTP  PI(dB) AS(dB/s) AUC(dB-s)
E-cadherin 0(n=9)  19.86+5.29 13.66+3.45 0.46+0.27 688.64+70.67
1(n=7)  21.73+5.56 13.14+3.60 0.54+0.26 713.52+77.44
2(n=14) 22.45+6.27 12.52+3.31 0.52+0.21 737.60+75.54
3(n=21) 23.27+5.77 11.37+3.48 0.55+0.23 745.86+69.56
4(n=51) 25.69+5.77 10.11+£3.23 0.47+0.23 776.58+75.79

FAE 2.839 3.738 0.593 3.675

PE 0.028 0.007 0.668 0.008
Vimentin ~ 0(n=5)  25.47+5.93 11.27+3.38 0.52+0.22 763.28+69.43

1(n=7)  26.86+5.62 12.53+3.44 0.48+0.20 774.36+78.98

2(n=13) 24.23+5.67 11.86+3.28 0.47+0.20 742.85+77.22
3(n=15) 23.67+5.73 10.75+3.27 0.56x0.24 757.21+68.86
4(n=62) 23.35+6.07 11.05£3.51 0.49+0.23 750.57+64.88
F1H 0.669 0.475 0.375 0.306
P 0.615 0.754 0.826 0.874
B-catenin  0(n=8)  23.43%6.01 12.70+3.65 0.51x0.30 802.53+64.99
1(n=8)  25.25%5.26 9.83+3.43 0.60+0.23 743.25+75.57
2(n=15) 22.30£5.70 11.72+3.55 0.52+0.28 757.28+68.37
3(n=18) 24.26+5.41 10.45+3.42 0.53+0.24 753.65+66.22
4(n=53) 24.22+5.48 11.33+3.51 0.4620.22 745.22+76.83
FIH 0.509 0.978 0.807 1.121
PfH 0.729 0.423 0.523 0.351
N-cadherin 0(n=32) 24.54%6.26 11.53+3.27 0.49+0.27 758.63+72.83
1(n=14) 23.82+5.68 12.92+3.48 0.62+0.29 779.25+68.16
2(n=21) 24.63+5.45 10.68+3.65 0.51x0.22 743.80+64.14
3(n=19) 23.42+5.61 9.74+3.37 0.43+0.24 725.69+69.01
4(n=16) 22.70+£5.93 11.58+3.75 0.47+0.21 762.13+64.10

FIE 0.375 1.934 1.264 1.491
PE 0.826 0.111 0.289 0.211
304 i

Ji g8 BT B 3 R iy T O L A8 A i )
e WS 8 Mk BT ) ot %, 8 05 &8 S R[] o 4
20, JEME A MR TG R 5, S BUR MY 5. A
2EFIN IR R P 5 EMT SC R %) . EMTAE
Sk Bz 44t ) ) Jo 4 M AR R AR A B G  TTIZ
KAEMRI ZA G S B B ARG A B
&5 LA KGN E IR 1 oA Sl . el 2 AE %k i
Je I R AR ke TR EMIT 38 3 52 1 e 44 s 1 25
S ) P 0 BRI , £ A e O HE - R ek BT
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