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Background: To explore the clinical application value of contrast-enhanced ultrasound (CEUS) in the
pathological grading and prognosis prediction of hepatocellular carcinoma (FHICC).

Methods: A retrospective analysis was performed of 128 patients with primary HCC who underwent
CEUS examination in our hospital from January 2017 to June 2020. Patients were divided into three groups:
highly-differentiated group, moderately-differentiated group, and poorly-differentiated group. Quantitative
analysis of the relationships between the rise time (RT), time to peak (TTP), mean transit time (mT'T),
intensity maximum (Imax), enhancement rate, and pathological grade of CEUS was performed. In addition,
the follow-up patients were divided into a recurrence group and non-recurrence group, and the relationships
between RT, TTP, mTT, Imax, and enhancement rate of CEUS were analyzed.

Results: Among the 128 patients, 23 were highly-differentiated, 63 were moderately-differentiated, and
42 were poorly-differentiated. In addition, there were 31 patients in the recurrence group and 97 patients
in the non-recurrence group. RT, TTP, and enhancement rate had significant differences in the highly-
differentiated, moderately-differentiated, and poorly-differentiated groups. At the same time, RT and
TTP were positively correlated with the differentiation degree, while the enhancement rate was negatively
correlated with the differentiation degree. Furthermore, RT, TTP, and enhancement rate were statistically
significant for the diagnosis of HCC with high, moderate, and poor differentiation, among which RT had the
highest diagnostic accuracy. In the recurrence group, RT, TTP, and Imax were lower than those in the non-
recurrence group, and the enhancement rate was greater than that in the non-recurrence group. Moreover,
low levels of RT, TTP, and Imax along with positive microvascular invasion (MVI) and poor differentiation
were risk factors for HCC recurrence, and there was no significant relationship between the average tumor
diameter and HCC recurrence.

Conclusions: CEUS can significantly show the differences between the RT, TTP, and enhancement
rate of HCC across different levels of differentiation. It can also predict whether the disease will relapse.
Moreover, low levels of RT, TTP, and Imax as well as positive MVI and poor differentiation can cause the

recurrence of HCC.
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Introduction

The incidence of hepatocellular carcinoma (HCC) ranks
sixth among malignant tumors and its fatality rate ranks
third in terms of cancer-related deaths (1). HCC also ranks
second among tumor-related diseases in males (2). There
are approximately 750,000 new cases of HCC every year
worldwide (3), and the prevalence in men is 2—4 times that
in women (4). Studies have shown that the incidence of
HCC is affected by many risk factors (5,6). HCC mostly
occurs on the basis of liver cirrhosis, and then undergoes
several stages of transformation, from regenerative nodules
to dysplasia to liver cancer, which is accompanied by tumor
angioarchitecture and blood perfusion (7,8). Early detection
and diagnosis of HCC lesions and recurrence are important
for improving the long-term prognosis and quality of life
of patients. There are many factors affecting the prognosis
of HCC, such as the pathological nature and differentiation
degree of the tumor. The pathological grade of HCC is an
important predictor that reflects the recurrence and survival
of HCC patients after surgery or liver transplantation (9,10).
Therefore, predicting the pathological grade of liver cancer
before surgery can guide the formulation of HCC treatment
strategies.

Conventional ultrasound is the primary monitoring
method after radical resection of liver cancer, which can
diagnose and differentiate tumors in the liver. With the
continuous development of ultrasound imaging technology,
clinical studies have proven that contrast-enhanced
ultrasound (CEUS) can effectively strengthen the two-
dimensional ultrasound information of the liver (11),
reflecting the different blood perfusion of normal
tissues and diseased tissues. CEUS is now capable of
performing dynamic continuous imaging in real-time
through mechanical index and contrast agents to detect
tissue microcirculation, providing strong support for
the qualitative determination of tumors and providing
information of the differentiation status of tumor tissues
(12,13). The purpose of this study was to investigate the
correlation between the performance of CEUS and the
pathological differentiation of primary HCC using CEUS,
and to explore the relationships with metastatic prognosis,
providing a basis for clinical treatment. We present the
following article in accordance with the STARD reporting
checklist (available at https://dx.doi.org/10.21037/tcr-21-
1264).
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Methods
General information

The information of 128 patients with HCC who underwent
CEUS examination in our hospital from January 2017 to
June 2020 was collected. According to the Edmondson-
Steiner tissue differentiation system, patients were divided
into a highly-differentiated group, moderately-differentiated
group, and poorly-differentiated group. Patients were also
divided into a recurrence group and non-recurrence group
at follow-up, and all patients were followed up until January
2020. The basic characteristics of patients at admission
and follow-up were collected and measured, including age,
gender, HBsAg (positive/negative), alpha-fetoprotein (AFP)
level (£20/>20 ng/mL), Child-Pugh grade (A/B/C), tumor
number, tumor average diameter, tumor location (left liver
lobe/right liver lobe), and microvascular invasion (MVI,
positive/negative). All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). All experiments
were approved by the Ethics Committee of Cangzhou
Central Hospital (No. 2017-118-01) and informed consent
was taken from all the patients.

The inclusion criteria were as follows: (I) patients
diagnosed with HCC; (II) maximum tumor diameter <5 cmy;
(III) CEUS performed within 1 week before the patient's
biopsy or surgery; (IV) all patients and their families
were aware of the research content, patients participated
voluntarily, and signed an informed consent form.

The exclusion criteria were as follows: (I) patients with
neurological diseases and behavioral disorders; (I) patients
with other types of liver diseases such as liver cysts; (I1I)
patients with other malignant tumors or distant metastasis
of tumors; (IV) patients accepted systemic chemotherapy
or local treatment; (V) patients who could not cooperate at
follow-up.

Ultrasound examination

Doppler ultrasound, using a convex probe with a frequency
of 1-6 MHz, was performed. First, routine ultrasound
scanning was performed, and the size, shape, location,
tumor boundary echo, internal echo, and blood flow of the
liver tumors were observed and recorded. Subsequently,
SonoVue contrast agent was injected from the anterior
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cubital vein, and then the tube was flushed with § mL of
saline. Doppler ultrasound was continuously observed for
5 minutes to obtain and evaluate the CEUS image.

Three phases of contrast enhancement were recorded
and analyzed: the arterial phase (10-50 s after the start
of injection), the portal phase (80-120 s after the start
of injection), and the anaphase (>120 s), as well as the
quantitative analysis of rise time (RT), time to peak (T'TP),
mean transit time (m'T'T), intensity maximum (Imax), and
enhancement rate.

Statistical analysis

SPSS 23.0 statistical analysis software was applied to
analyze and process the obtained sample data. A #-test was
used for the comparison of quantitative data, and the y’
test or Fisher’s exact probability method was used for the
comparison of qualitative data. P<0.05 indicated that the
difference was statistically significant.

Results
Basic characteristics of patients

A total of 128 related cases were collected. According to the
Edmondson-Steiner tissue differentiation system, 23 cases
were highly-differentiated, 63 cases were moderately-
differentiated, and 42 cases were poorly-differentiated.
The comparison of the basic characteristics of patients with
different levels of tissue differentiation is shown in 7able 1.
There were no significant differences in age, gender,
HBsAg, AFP level, Child-Pugh grade, number of tumors,
and tumor location among the three groups of patients, but
there were significant differences in average tumor diameter
and MVL

Of the follow-up patients, there were 31 cases in the
recurrence group and 97 cases in the non-recurrence
group. The comparison of the basic characteristics of these
two groups of patients is shown in 7able 2. There were no
statistically significant differences in age, gender, HBsAg,
AFP level, Child-Pugh grade, tumor number, and tumor
location between the two groups, but there were significant
differences in average tumor diameter and MVL

The relationships of CEUS indicators between different
levels of HCC differentiation

The relationships among the quantitative parameters
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of CEUS in the three groups of highly-differentiated,
moderately-differentiated, and poorly-differentiated
patients were analyzed. Comparing the three groups, it
was found that the differences in mTT and Imax were not
statistically significant, but the differences in RT, TTP, and
enhancement rate were statistically significant (P<0.05).
The RT and TTP of the highly-differentiated group were
higher than those of the moderately-differentiated and
poorly-differentiated groups, while the RT and TTP of the
moderately-differentiated group were higher than those of
the poorly-differentiated group. The enhancement rates
of the highly-differentiated and moderately-differentiated
groups were lower than the enhancement rate of the poorly-
differentiated group. The specific comparison is shown
in Table 3. The CEUS performance and its quantitative
analysis curve of HCC patients with different levels of
differentiation are shown in Figure 1.

The relationships of CEUS indicators between the
recurrence group and non-recurrence group

There were significant differences in RT, TTP,
enhancement rate, and Imax between the recurrence group
and the non-recurrence group (P<0.05). The RT, TTP,
and Imax of the recurrence group were lower than those of
the non-recurrence group, but the enhancement rate was
higher than that of the non-recurrence group (Table 4).

The relationships between RT, TTP, enbancement rate,
and HCC pathological grade

The relationships between RT, TTP, enhancement
rate, and pathological grade were further analyzed.
From 7Table 5 and Figure 2, it can be seen that RT and
TTP were positively correlated with the degree of
HCC differentiation. The higher the degree of HCC
differentiation, the higher the level of the RT and TTP.
The enhancement rate was negatively correlated with
the degree of HCC differentiation. The higher the
degree of HCC differentiation, the lower the level of the
enhancement rate.

The diagnostic value of CEUS indicators in the
pathological differentiation of HCC

Subsequently, we analyzed the diagnostic value of the
CEUS quantitative parameters RT, TTP, and enhancement
rate in the pathological grading of HCC. The results
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Table 1 Comparison of basic characteristics of patients with different levels of tissue differentiation
Variables Highly-differentiated (n=23) Moderately-differentiated (n=63) Poorly-differentiated (n=42)  F/4® P
Age (years old) 35.83+11.86 36.71+£12.32 39.14+11.89 0.730 0.484
Gender, n (%) 0.338 0.845
Male 14 (60.9) 34 (54.0) 23 (54.8)
Female 9(39.1) 29 (46.0) 19 (45.0)
HBsAg, n (%) 2.718 0.257
Negative 13 (56.5) 29 (46.0) 15 (35.7)
Positive 10 (43.5) 34 (54.0) 27 (64.3)
AFP, n (%) 1.648 0.439
<10 3(13.0) 4(6.3) 24.8)
>10 20 (87.0) 59 (93.7) 40 (95.2)
Child-Pugh grade, n (%) 6.49 0.165
A 13 (56.5) 48 (76.2) 23 (54.8)
B 8 (34.8) 13 (20.6) 15 (35.7)
C 2(8.7) 2(3.2) 4 (9.5
Number of tumors, n (%) 2.339 0.311
Single 18 (78.3) 46 (73.0) 26 (61.9)
Multiple 5(21.7) 17 (27.0) 16 (38.1)
Tumor location, n (%) 8.733 0.189
Left lobe 7 (30.4) 17 (27.4) 9 (21.4)
Right lobe 8 (34.8) 35 (56.5) 23 (54.8)
Caudal lobe 7 (30.4) 7(11.3) 5(11.9)
Whole liver 1(4.3) 3(4.8) 5(11.9)
Tumor diameter (cm), n (%) 26.511 <0.001*
<2 17 (73.9) 38 (60.3) 7 (16.7)
>2 6 (26.1) 25 (39.7) 35 (83.3)
MVI, n (%) 11.442 0.003*
Negative 19 (82.6) 49 (77.8) 21 (50.0)
Positive 4 (17.4) 14 (22.2) 21 (50.0)

*, P<0.05. AFP, alpha-fetoprotein; MVI, microvascular invasion.

in Table 6 showed that RT, TTP, and enhancement rate
were statistically significant in the diagnosis of HCC with
high differentiation, moderate differentiation, and poor
differentiation (P<0.05). The areas under the curve (AUCs)
for the RT, TTP, and enhancement rate were 0.802, 0.773,
and 0.775, respectively, and RT had the greatest diagnostic

efficiency.
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Multivariate analysis of the relationships between CEUS
indicators, tumor diameter, MV, differentiation degree,
and HCC recurrence

A multivariate analysis of the relationships between quantitative
parameters of CEUS, average tumor diameter, MVI, and
HCC recurrence was performed (7zble 7). The results showed

that low levels of RT, TTP, and Imax, along with positive
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Table 2 Comparison of basic characteristics between recurrence and non-recurrence patients

Variables Non-recurrence (n=97) Recurrence (n=31) ty? P
Age (years old) 36.45+12.27 40.16+£11.17 -1.496 0.137
Gender, n (%) 0.007 0.935
Male 54 (55.7) 17 (54.8)
Female 43 (44.3) 14 (45.2)
HBsAg, n (%) 0.561 0.454
Negative 45 (46.4) 12 (38.7)
Positive 52 (53.6) 19 (61.3)
AFP, n (%) 0.906 0.341
<10 8(8.2) 1(3.2)
>10 89 (91.8) 30 (96.8)
Child-Pugh grade, n (%) 4.001 0.135
A 68 (70.1) 16 (51.6)
B 23 (28.7) 13 (41.9)
C 6 (6.2) 2 (6.5
Number of tumors, n (%) 1.595 0.207
Single 71(73.2) 19 (61.3)
Multiple 26 (26.8) 12 (38.7)
Tumor location, n (%) 1.404 0.705
Left lobe 27 (27.8) 6 (19.4)
Right lobe 48 (49.5) 19 (61.3)
Caudal lobe 15 (15.5) 4 (12.9)
Whole liver 7(7.2) 2 (6.5)
Tumor diameter (cm), n (%) 13.853 <0.001*
<2 56 (57.7) 6 (19.4)
>2 41 (42.3) 25 (80.6)
MVI, n (%) 6.200 0.013*
Negative 73 (75.3) 16 (51.6)
Positive 24 (24.7) 15 (48.4)

*, P<0.05. AFP, alpha-fetoprotein; MVI, microvascular invasion.

MVI, were risk factors for HCC recurrence, and there was

no significant relationship between the differentiation degree,

average tumor diameter, and HCC recurrence.

Discussion

HCC is one of the most common malignant tumors

© Translational Cancer Research. All rights reserved.

worldwide (1). Among the mortality of tumor-related
diseases, the HCC mortality of males ranks second, and the
HCC mortality of females ranks sixth (2). The pathological
grading of HCC is an important predictor of the recurrence
and survival of HCC patients after surgery or liver
transplantation (6,7). The risk of recurrence and metastasis

of patients with poorly-differentiated HCC is significantly
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Table 3 Comparison of CEUS indicators in patients with different levels of tissue differentiation

Variables Highly-differentiated (n=23) Moderately-differentiated (n=63) Poorly-differentiated (n=42) F P
RT 11.09+1.87° 9.86+2.38° 6.39+1.09% 56.753 <0.001*
TTP 12.18+3.03" 9.19+2.75° 7.56+2.35% 22.108 <0.001*
Enhancement rate 0.63+0.16 0.76+0.15 0.80+0.14% 15.000 <0.001*
mTT 89.33+21.76 95.08+34.01 97.47+25.26 0.573  0.565
Imax 123.03+39.10 112.73+40.46 109.82+8.53 0.859  0.426

Compared with the highly-differentiated group, *P<0.05; compared with the moderately-differentiated group, °P<0.05. *, P<0.05. CEUS,

contrast-enhanced ultrasound; RT, rise time; TTP, time to peak; mTT, mean transit time; Imax, intensity maximum.

Figure 1 CEUS images and quantitative analysis curves of HCC patients. (A) Highly-differentiated patients; (B) moderately-differentiated

patients; (C) poorly-differentiated patients. CEUS, contrast-enhanced ultrasound; HCC, hepatocellular carcinoma.

higher than that of patients with moderately-differentiated
HCC (14,15). Accurately assessing the differentiation
degree of HCC before treatment can help clinicians
formulate and adjust treatment plans, and it is also beneficial
for assessing the efficacy and prognosis after treatment.
However, the current pathological results of HCC need to
be confirmed by needle biopsy or postoperative pathology,
which is partly limited.

CT, MRI, and CEUS have the advantages of dynamic

and continuous imaging in real-time, which can obtain

© Translational Cancer Research. All rights reserved.

information during the entire enhancement period (0-
360 s). However, CT and MRI can only achieve multilayer
scanning of the lesion once. CEUS has been recognized
by more and more clinicians and patients due to its real-
time, low-cost, and low-risk features, and the diagnostic
efficacy is comparable to advanced CT and MRI (16-19).
Therefore, CEUS can be used to observe the internal
blood supply of focal liver lesions. From the perfusion and
clearance characteristics of the lesion, the differences in the
morphological structure of the diseased tissue cells and the
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Table 4 Comparison of CEUS indicators between the recurrence and non-recurrence group

Variables Non-recurrence (n=97) Recurrence (n=31) t? P
RT 9.66+2.52 6.70+1.74 6.064 <0.001*
TTP 9.68+3.04 7.42+2.78 3.841 <0.001*
Enhancement rate 0.73+0.16 0.82+0.15 -2.609 0.010*
mTT 95.29+30.54 93.41+25.62 0.309 0.758
Imax 118.66+38.66 97.89+38.77 2.602 0.010*

*, P<0.05. CEUS, contrast-enhanced ultrasound; RT, rise time; TTP, time to peak; mTT, mean transit time; Imax, intensity maximum.

Table 5 The relationships between RT, T'TP, enhancement rate,
and HCC pathological grade

HCC pathological grade

Variables

re P
RT 0.6720 <0.001*
TTP 0.5140 <0.001*
Enhancement rate -0.324 <0.001*

*, P<0.05. RT, rise time; TTP, time to peak; HCC, hepatocellular
carcinoma.
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Figure 2 The relationships between RT, TTP, enhancement rate,
and HCC pathological grade. RT, rise time; TTP, time to peak;

HCC, hepatocellular carcinoma.

internal vascular morphology are obtained, and the nature
of the lesion is finally identified, which is more conducive
to the comprehensive analysis of the blood perfusion

© Translational Cancer Research. All rights reserved.

characteristics of the lesion (20-23). Benign and malignant
tumors have unique performance on CEUS, which plays an
increasingly important role in the identification of benign
and malignant liver tumors. There are many different
manifestations when using CEUS to examine HCC, the
most common of which are “fast in and fast out” and “fast in
and slow out/no out”. Depending on the degree of contrast
intensity, there is a difference of significant enhancement
and insignificant enhancement. Nicolau ez 4/. (24) studied
the CEUS performance of 104 cases of HCC, and 4 cases
with significant enhancement in the arterial phase were all
highly-differentiated HCC.

Among the patients in this study, 23 were in the
highly-differentiated group, 63 were in the moderately-
differentiated group, and 42 were in the poorly-
differentiated group. Comparing the three groups, the
differences in RT, TTP, and enhancement rates were
statistically significant, while the differences in mTT and
Imax were not statistically significant. Among them, the
RT and TTP of the highly-differentiated and moderately-
differentiated groups were higher than those of the poorly-
differentiated group. There were no significant differences
in mTT and Imax between the highly-, moderately-, and
poorly-differentiated groups. Furthermore, we determined
that RT and TTP were positively correlated with the
HCC differentiation degree, and the enhancement rate
was negatively correlated with the HCC differentiation
degree. In addition, the receiver operating characteristic
(ROCQ) curve showed that RT, TTP, and enhancement rate
were statistically significant for the diagnosis of HCC of
high differentiation, moderate differentiation, and poor
differentiation, among which RT had the highest diagnostic
accuracy.

Liver cancer is prone to metastasis. Studies have
shown that poor prognosis may be related to the size
and number of tumors, the patient’s own liver function,
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Table 6 The diagnostic value of CEUS indicators in the pathological grading of HCC
Variables AUC P Sensitivity Specificity Accuracy
RT 0.802 <0.001* 100 50.48 0.5048
TTP 0.773 <0.001* 78.26 86.67 0.6493
Enhancement rate 0.775 <0.001* 73.91 88.57 0.6248

*, P<0.05. CEUS, contrast-enhanced ultrasound; HCC, hepatocellular carcinoma; AUC, area under the curve; RT, rise time; TTP, time to

peak.

Table 7 Multivariate analysis of the relationships between CEUS indicators, tumor diameter, MVI, differentiation degree, and HCC recurrence

Univariate analysis

Multivariate analysis

Variables
OR 95% Cl P OR 95% ClI P

Differentiation degree

Highly-differentiated 1.000 - - 1.000 - -

Moderately-differentiated 1.527 0.300-7.787 0.610 0.231 0.029-1.841 0.167

Poorly-differentiated 10.5 2.181-50.544 0.003* 0.202 0.017-2.446 0.209
Tumor diameter

<2 1.000 - - 1.000 - -

>2 5.691 2.141-15.131 <0.001* 0.469 0.124-1.777 0.265
MVI

Negative 1.000 - - 1.000 - -

Positive 2.852 1.229-6.618 0.015* 5.569 1.256-24.696 0.024*
RT 0.581 0.462-0.730 <0.001* 0.619 1.256-24.696 0.005*
TTP 0.722 0.589-0.884 0.722 0.786 0.445-0.862 0.034*
Enhancement rate 33.157 2.137-514.508 0.012* 3.806 0.630-0.981 0.494
Imax 0.986 0.974-0.997 0.013~ 0.980 0.083-175.298 0.023*

*, P<0.05. CEUS, contrast-enhanced ultrasound; HCC, hepatocellular carcinoma; MVI, microvascular invasion; RT, rise time; TTP, time to

peak; Imax, intensity maximum.

and the differentiation degree of the tumor, but there
are not many studies investigating the association with
imaging characteristics (25-27), making the prognosis
prediction of HCC a critical step. In this study, we found
that the RT, TTP, and Imax of the recurrence group
were significantly lower than the non-recurrence group,
while the enhancement rate was significantly higher than
the non-recurrence group. Further multivariate analysis
showed that low levels of RT, TTP, and Imax along with
positive MVI and poor differentiation were risk factors for
HCC recurrence, and there was no significant relationship
between the average tumor diameter and HCC recurrence.

© Translational Cancer Research. All rights reserved.

Conclusions

In summary, CEUS can significantly show the differences
between the RT, TTP, and enhancement rate of HCC
across different levels of differentiation, and it can also
predict the recurrence of HCC. Low-level RT, TTP, and
Imax as well as positive MVI and poor differentiation can

cause the recurrence of HCC.
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