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Background: The postoperative recurrence rate is the main factor affecting the prognosis of hepatocellular
carcinoma (HCC) patients, this study sought to investigate the value of contrast-enhanced ultrasound (CEUS)
quantitative parameters in predicting the recurrence and the survival of HCC patients after thermal ablation.
Methods: The data of 97 patients with pathologically diagnosed HCC who underwent thermal ablation were
retrospectively included in this study. The patients had an average age of 46.6 years (range, 23-79 years), and
79 were male and 18 were female. CEUS follow-up was performed at 1- and 3-month after thermal ablation,
then at 6-month intervals thereafter for 5 years. CEUS was performed before thermal ablation, and the results
were analyzed quantitatively using CEUS perfusion software (VueBox®, Bracco, Italy). The ratios of the
CEUS quantitative parameters between the HCC lesions and reference liver parenchyma were calculated. The
parameters included the average contrast signal intensity (MeanLin), peak enhancement (PE), rising time (RT),
fall ime (FT), time to peak (T'TP), mean transit time (mTT), perfusion index (PI), Wash-in Area Under the
Curve (WiAUC), Wash-in Rate (WiR), Wash-in Perfusion Index (WiPI), Wash-out Area Under the Curve
(WoAUC), Wash-out Rate (WoR), and WiAUC + WoAUC (WiWoAUC). The correlations between the
preoperative CEUS quantitative parameter ratios, the blood laboratory indexes, postoperative recurrence, and
survival were analyzed using log-rank tests and a Cox regression model.

Results: The average follow-up duration period was 79 months (range, 5-145 months). The average
recurrence time after ablation was 1-127 months, and the median disease-free survival time was 21 months.
The 1-, 3- and 5-year survival rates were 96.9%, 92.3%, and 80.6%, respectively. The log-rank tests showed
that tumor size, prothrombin time, and WiAUC, WoAUC, and WiWoAUC ratios were predictors of
survival, and aspartate aminotransferase was a predictor of recurrence. The Cox regression analysis showed
that tumor size [odds ratio (OR): 6.421; 95% CI: 1.434-28.761] and alanine transaminase (OR: 0.88; 95%
CI: 0.010-0.742) were predictors of a poor prognosis.

Conclusions: CEUS quantitative parameters before thermal ablation and blood laboratory indexes provide

potential clinical value for predicting the postoperative recurrence and survival of HCC patients.
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Introduction

According to the latest annual data from CANCER
TODAY, in 2020, liver cancer was the 6th most common
cancer worldwide. Due to the large number of hepatitis
B patients, hepatocellular carcinoma (HCC) has become
one of the most common malignant tumors in China and
severely affects the life and health of patients (1-3). In
recent years, thermal ablation has been rapidly developed as
a minimally invasive interventional therapy, and its principle
is that for 1 or more specific tumor lesions in an organ, the
biological effect of heat will directly lead to the irreversible
damage or coagulative necrosis of tumor cells in the lesion
tissue. As a local, minimally invasive, safe, and repeatable
treatment, thermal ablation therapy has a satisfactory long-
term survival rate in the treatment of HCC (4,5). However,
the postoperative recurrence rate is still the main factor
affecting the prognosis of HCC patients (6). Thus, it is of
great clinical value to identify prognosis predictors for HCC
patients after thermal ablation. Previous studies have shown
that the prognostic factors after HCC ablation include age,
Child-Pugh classification, tumor size, and tumor number
(7-9). If patients have similar characteristics above, does it
mean they have the same prognosis? As the only cancer that
can be diagnosed by enhanced imaging and medical history,
does enhanced imaging have some value in its prognosis?

Contrast-enhanced ultrasound (CEUS) has been widely
applied in the diagnosis, monitoring, and follow-up of HCC.
It makes full use of vascular perfusion information to analyze
the nature of lesions and thereby provides a real-time and
non-invasive visualization of HCC. CEUS can be used for
preoperative diagnosis, postoperative efficacy evaluation and
recurrence evaluation of HCC, and can be used as a means of
postoperative follow-up (10). As early as 2012, the European
Union of Biomedical Ultrasonic Societies noted the
advantages and necessity of using CEUS for HCC condition
monitoring and recurrence control, and the importance of
CEUS has continued to increase each year (11).

Compared to contrast-enhanced computerized
tomography, CEUS can be used to observe liver lesions in
a dynamic and real-time manner and perform continuous
imaging with high temporal resolution during the whole
enhancement period, which need not be limited to a specific
predetermined time. Conventional CEUS provides contrast
wash-in and wash-out information from a real-time dynamic
video, but it can not quantify the elaboration and analysis
the parameters. A CEUS software analysis can quantify
and refine the analysis and parameters, but it has many
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requirements in terms of image quality and storage time. To
date, there is little evidence in China on its use in predicting
the prognosis and recurrence of HCC ablation according to
the characteristic parameters analyzed by CEUS software.

With the development of quantitative software, dynamic
contrast-enhanced ultrasound (DCE-US) enables the
quantitative assessment of tumor perfusion through time-
intensity curves. The percentage variation of DCE-US
has been reported to be predictive of tumor response and
correlated with the progression-free survival (PFS) and
overall survival (OS) of HCC patients after antiangiogenic
therapies. A multicenter study of >500 patients at 19 centers
showed that DCE-US was correlated with PES and OS (12).
A 40% decrease in the area under the curve (AUC) at
1 month was found to be correlated to PFS and OS in
patients treated with tyrosine kinase inhibitors (13). However,
little is known about the prognostic value of DCE-US for
HCC patients before ablation.

In this study, we retrospectively collected the pre-
ablation CEUS images and follow-up data of HCC patients
after thermal ablation and explored the correlations between
CEUS quantitative parameters and patient outcomes to
investigate the prognostic value of quantitative parameters
in predicting the recurrence and survival of HCC patients.
We present the following article in accordance with the
STARD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-919/rc).

Methods
Study design

The basic data and information of 392 HCC patients
treated at our hospital with thermal ablation from
January 2008 to December 2016 were retrospectively
collected. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Xijing Hospital
(No. KY20222243-C-1) and individual consent for this
retrospective analysis was waived. The enrollment process
is shown in Figure 1. To be eligible for inclusion in this
study, patients had to meet the following inclusion criteria:
(I) be a male or female, aged 18-70 years; (II) have been
pathologically diagnosed with HCC; (III) have chosen and
consented to receive thermal ablation treatment, and meet
the diagnosis and treatment standards for thermal ablation;
(IV) have complete imaging data available (including data
obtained within 2 weeks before ablation); (V) have survival
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A total of cases of thermal ablation from January 2008
to December 2015 were screened (n=392)

Metastatic hepatic carcinoma n=171

Cholangiocellular carcinoma n=31

Primary hepatocellular carcinoma

n=190

Data and preoperative
----- »| imaging images were missing
n=18

y

Final inclusion cases

n=172

Analyzing failed, such as the lesion range
is too large, respiratory motion is too large,
image quality is poor, etc. n=75

Analysis of the cases by VueBox®

n=97

Figure 1 Flow chart for participant inclusion.

follow-up results for 5 years or more.

Patients were excluded from the study if they met any
of the following exclusion criteria: (I) had incomplete
data; and/or (II) had angiography results that could not be
analyzed by software because, for example, the lesion range
was too large to be referenced or analyzed, the patient's
respiratory motion was too large, or the image quality was
poor.

Imaging studies

Instruments and contrast agents

The following instruments and contrast agents were used
in this study: ultrasound (Siemens Acuson Sequoia, Phillip
EpiQ7) equipped with C1-5 probe, and mechanical index
(MI) under contrast conditions was 0.07; Ultrasound
contrast agent SF6 microbubble (SonoVue, Bracco). Before
use, the ultrasound contrast agent was mixed with 5 mL
of normal saline and shaken well to prepare the fresh
suspension.

Basic ultrasound examination
Each patient was first examined by unenhanced ultrasound
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and confirmed to have no more than 3 focal liver lesions
under gray-scale imaging. Each lesion was measured,
located, and characterized (e.g., in terms of its boundary,
shape, and echo). A Color Doppler ultrasound was used to
assess the blood supply. A representative checking sequence
was stored digitally.

CEUS examination

Each patient was instructed to breathe quietly. The best cut
surface of the lesion was selected, the probe position was
fixed, switched the ultrasound instrument to CEUS imaging
mode with a MI <0.07, 1.6-2.4 mL of contrast agent was
injected into the cubital vein group, and the tube was then
flushed with 5-10 mL of normal saline. The perfusion
process of the lesion was continuously observed in real time
for at least 3 min, and the time was recorded.

CEUS qualitative analysis

The dynamic imaging data were collected and stored in a
hard drive. The data were read and analyzed by 2 doctors
using a double-blind method. If the 2 doctors disagreed
about the analysis results, a 3rd senior doctor made a
decision. Based on the echogenicity of the lesion at the
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Figure 2 Representative VueBox® analysis results of CEUS images and time-intensity curves for HCC. The ROIs were drawn for the

quantitative analysis (Blue: Delimitation ROI; Green: lesion area; Yellow: normal reference area of liver parenchyma). CEUS, contrast-

enhanced ultrasound; HCC, hepatocellular carcinoma; ROI, regions of interest.

arteriography stage, portal vein stage and, delayed stage
relative to the liver parenchyma, the enhancement degree
was divided into high, equal, and low, respectively. The
angiography was divided into the following 3 phases: the
arterial phase (8-30 s), the portal vein phase (30-120 s), and
the delayed phase (120-360 s).

CEUS quantitative analysis

For each patient, 1 lesion was included analyzed. The data
were analyzed and read by 2 experienced imaging diagnostic
doctors who had worked for at least 5 years. These doctors
also operated the CEUS. The digitally stored ultrasound
loops were evaluated using perfusion quantification software
(VueBox®, Bracco, Italy). Regions of interest (ROIs) were
manually selected in a HCC lesion without any necrotic area
and the surrounding tissue. The parameters were calculated
for each ROV, including the average contrast signal intensity
(MeanLin), peak enhancement (PE), rising time (RT), fall
time (FT), dme to peak (T'TP), mean transit time (mTT),
perfusion index (PI), Wash-in Area Under the Curve
(WIiAUC), Wash-in Rate (WiR), Wash-in Perfusion Index
(WiPI), Wash-out Area Under the Curve (WoAUC), Wash-
out Rate (WoR), and WiAUC + WoAUC (WiWoAUCQ).
The ratio of each parameter between the HCC lesion
and surrounding tissue was calculated by the software and
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exported using a calculation protocol (Figure 2).

Data collection

We conducted a retrospective analysis of the data of
392 HCC patients. We collected the patients’ basic data
and information before ablation (including liver disease
history,age,gender, diabetes mellitus, history of surgery,
medication history, smoking, and drinking data), and tumor
lesion information (e.g., CEUS quantitative parameters,
tumor size, clinical stage, number of tumors, alpha
fetoprotein(AFP)value, liver function index, recurrence
time, and survival time). VueBox® software analysis the
CEUS data. The patients were followed-up 1, 3, and
6 months after thermal ablation, and then every 6 months till
5 years after ablation. Follow-up was carried out by outpatient
revisit and telephone. The patients were grouped according
to whether the tumor recurred or not. The recurrence time
and disease-free survival (DFS) were recorded. Among the
data, age, gender, the 5-year survival rate, tumor-free survival,
recurrence time, and quantitative parameters obtained by the
VueBox® software analysis were the main observation indexes
in this study. The basic information of the patients, including
tumor size, tumor number, AFP index, and etc, were the
secondary observation indexes.
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Figure 3 Survival time and recurrence time of the 97 patients.

Statistical analysis

SPSS 19.0 statistical package was used to analyze the
data. The counting data are expressed as the frequency
and percentage, and the measurement data are expressed
as the median (quartile). The log-rank test was used for
the univariate analysis. Cox regression was used for the
multivariate analysis. The COX regression model takes
survival as the outcome variable, covariates included each
CEUS quantitative parameters, and for indicators with a P
value <0.1 of univariable log-rank test analysis. A P value
<0.05 indicated a statistically significant difference.

Results
Clinical characteristics of patients

The study comprised 97 patients who were scheduled to
receive thermal ablation therapy. These patients had an
average age of 46.6 years (range, 23-79 years), and 79 were
male and 18 were female. Among the 97 patients, 69 had
single tumors and 28 had multiple tumors. The number
of lesions totaled 137. Of the lesions, 51% (49/97) had a
diameter of <3 cm, 34% (33/97) had a diameter of 3-5 cm,
and 15% (15/97) had a diameter of >5 cm. The perfusion
area was correctly detected in 87 of the 97 patients via
a VueBox® perfusion analysis. Thus, the sensitivity of
VueBox® to HCC was 89.7%.

The average follow-up duration was 79 months (range,
5-145 months). The 1-, 3-, and 5-year survival rates were
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96.9%, 92.3%, and 80.6%, respectively. The recurrence
time was 1-127 months after ablation, and the median DFS
time was 21 months (see Figure 3).

The quantitative parameters of HCC before thermal
ablation

The quantitative parameters obtained by the VueBox®
software, including the MeanLin ratio, PE ratio, WIAUC
ratio, RT ratio, MTT ratio, TTP ratio, WiR ratio, WiPI
ratio, WoAUC ratio, WiWoAUC ratio, FT ratio, and
WOoR ratio, were included in the analysis. Table I shows the
quantitative parameters before thermal ablation.

Prognosis analysis

The univariate analysis showed that the WIAUC, WoAUC,
and WiWoAUC ratios, tumor size, and prothrombin
time (PT) were predictors of survival, and aspartate
aminotransferase (AST) was a predictor of recurrence (see
Table 2 and Figure 4).

The Cox regression analysis showed that tumor size
[odds ratio (OR): 6.421; 95% CI: 1.434-28.761] and alanine
transaminase (ALT) (OR: 0.88; 95% CI: 0.010-0.742) were

predictors of a poor prognosis.

Discussion

CEUS is becoming more and more important in the
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Table 1 The quantitative parameters of the HCC patients before
thermal ablation (n=97)

Percentiles
Parameters Median
25% 75%

MeanlLin ratio 286.8779 96.3173 984.6491
PE ratio 204.9808 76.9554 784.7166
WIAUC ratio 200.5386 53.2323 1,054.9668
RT ratio 93.6101 49.4687 155.9767
mTT ratio 74.7832 35.4109 264.5717
TTP ratio 87.0456 50.4155 113.2722
WiR ratio 244.6876 44.6620 1,403.5424
WiPI ratio 213.0246 76.1688 773.7563
WOoAUC ratio 249.3960 58.3067 850.7691
WiWoAUC ratio 239.3049 62.4973 963.8172
FT ratio 96.1480 42.2038 276.0448
WOR ratio 263.7977 48.3121 1,065.7915

MeanLin, the average contrast signal intensity; PE, peak
enhancement; WIAUC, Wash-in Area Under the Curve; RT, rising
time; mTT, mean transit time; TTP, time to peak; WiR, Wash-in
Rate; WiPI, Wash-in Perfusion Index; WoAUC, Wash-out Area
Under the Curve; WiWoAUC, WIAUC + WoAUC; FT, fall time;
WOoR, Wash-out Rate.

monitoring and preoperative and postoperative assessment
of malignant liver tumors. CEUS can be used as an
important detection method for surgical resection, radio
frequency ablation (RFA), microwave ablation (MWA),
and hepatic artery chemoembolization (TACE) to evaluate
the microvascularization of normal liver tissue, ablation/
embolization defects, and changes in blood supply at the
liver margin. Its advantages are as follows: (I) It enables the
real-time imaging and the high-time resolution evaluation
of target lesions; (II) the high enhancement and clearance
of the arterial phase can be evaluated with high temporal
resolution; (III) the diagnostic reliability can be increased by
repeatable injections, from different angles, using different
parameters to evaluate the enhancement pattern, and it is
possible to detect lesions that were missed on computed
tomography (CT) or magnetic resonance imaging (MRI);
and (IV) it has a high spatial resolution, can find small
anatomical or pathological structures that are not shown
on CT or MRI, and has certain advantages in identifying
and finding lesions (14,15). However, CEUS also has some
limitations. Notably, the analysis of CEUS results has a
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certain relationship with the experience of the operating
physicians. Questionable nodules need to be reviewed
by senior physicians to ascertain the results. Thus, while
CEUS has many advantages, quantitative analysis results
cannot be obtained, images cannot be digitized, and it is
difficult to provide a theoretical basis for a large number of
retrospective analyses.

CEUS and perfusion software VueBox® can be combined
to quantify and evaluate tumor microvascularization (16,17).
VueBox® is a software tool that helps to calculate and
record parameters in lesions and other tissues that show
pathological behaviors. It is useful for treatment monitoring,
the control of disease changes, and the detection of
abnormal perfusion patterns. After the analysis of the GI-
Perfusion application package, the perfusion parameters can
be calculated, and the perfusion volume can be estimated
based on the analysis of the time series of the 2-dimensional
contrast-enhanced images. Perfusion parameters include PE,
RT, and the WiR and WIiAUC ratios. Time parameters can
be represented by absolute values (e.g., RT), and amplitude
parameters can be represented by relative values (compared
to a reference area) (e.g., WiR, PE, and WIiAUC).

VueBox® perfusion imaging analysis has been proven to
be useful in identifying HCC vascular changes (15,18,19).
The software can dynamically evaluate flow and volume
parameters, such as TTP, RT, mTT, the perfusion rate, and
peak value (16,20). This study evaluated the preoperative
ultrasound images of HCC with VueBox® software to obtain
quantitative information indicators about the contrast, such
as the peak value and TTP, to effectively help to distinguish
changes in perfusion patterns. This study showed that
the ratios of WiAUC, WoAUC, and WiWoAUC were
predictors of survival.

The TTP, RT, and mTT of VueBox® in the CEUS of
HCC before thermal ablation were not correlated with the
prognosis and recurrence of HCC (P>0.05). This may be
because too many influencing factors were included in the
analysis, and the sample size (n=97) was not sufficiently
large. The quantitative results obtained from the VueBox”
analysis and preoperative univariate and multivariate
analysis results provide an important reference for the
CEUS image analyses and survival information before
thermal ablation, and also clarify the research direction on
parameter selection for future prospective studies.

This study had several limitations. The purpose of
this retrospective study was to investigate the value of
quantitative CEUS parameters in predicting the recurrence
and survival of HCC patients after thermal ablation.
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Table 2 Univariate analysis of each survival factor (n=97)

Overall survival (year)

Factor n
Estimate 95% Cl v P
Tumor size (cm) 6.668 0.036
<3 49 11.153 10.354-11.952
3-5 33 8.521 7.229-9.812
>5 15 7.800 5.923-9.677
PT (s) 4.676 0.031
<121 61 8.794 7.751-9.837
>12.1 36 10.243 9.418-11.069
WIAUC ratio 7.259 0.027
<90 33 10.534 9.908-11.159
90-490 32 8.694 6.986-10.402
>490 32 9.343 8.229-10.470
WoAUC ratio 4.280 0.039
<249.396 48 10.072 9.293-10.851
>249.396 49 9.314 8.110-10.518
WiWoAUC ratio 10.317 0.006
<81 32 10.750 10.268-11.232
81-575 33 7.875 6.347-9.403
>575 32 10.191 9.016-11.367
PE ratio 2.305 0.316
<99 33 9.303 8.059-10.547
99-511 32 10.794 9.676-11.912
>511 32 8.732 7.483-9.980
RT ratio 1.730 0.421
<59 32 10.417 9.137-11.696
59-122 33 9.731 8.692-10.769
>122 32 8.625 7.260-9.990
FT ratio 1.836 0.399
<57 32 9.906 8.891-10.921
57-165 33 9.487 8.381-10.592
>165 32 9.382 7.889-10.874

Estimation is limited to the largest survival time if it is censored. PT, prothrombin time; WiAUC, Wash-in Area Under the Curve; WoAUC,
Wash-out Area Under the Curve; WiWoAUC, WIAUC + WoAUC; PE, peak enhancement; RT, rising time; FT, fall time.
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Figure 4 Survival curve for each survival factor (n=97). PT, prothrombin time; WiAUC, Wash-in Area Under the Curve; WoAUC, Wash-
out Area Under the Curve; WiWoAUC, WIAUC + WoAUC; AST, aspartate aminotransferase.

However, this retrospective study had a high rate of follow-
up loss and high patient heterogeneity. Consequently, the
patients in this study had higher 3- and 5-year survival rates
than those previously reported in the literature. To improve
the reliability of the data, we implemented strict inclusion
and exclusion criteria and established a series of case
screening requirements to reduce study bias. In the future,
we intend to conduct relevant prospective studies to further
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explore the value of the quantitative parameters of CEUS in
the prognosis of HCC after thermal ablation.

Conclusions

In conclusion, a qualitative analysis of CEUS images
combined with a quantitative analysis by VueBox® not
only effectively improves the detection of malignant
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lesions that cannot be detected by the naked eye, but
also transforms them into more intuitive and scientific
quantitative results. The complementarity of the
quantitative and qualitative analysis of preoperative CEUS
images brings us a step forward in the accurate diagnosis
and treatment for preoperative analysis of HCC patients
treated with thermal ablation. In this study, CEUS
quantitative parameter images before thermal ablation
and blood laboratory indexes provided valuable prediction
information about the postoperative recurrence and
survival of HCC patients.
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