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Abstract

BACKGROUND

The clinical management and prognosis differ between benign and malignant solid
focal liver lesions (FLLs), as well as among different pathological types of malignant
FLLs. Accurate diagnosis of the possible types of solid FLLs is important. Our previous
study confirmed the value of shear wave elastography (SWE) using maximal elasticity
(Emax) as the parameter in the differential diagnosis between benign and malignant
FLLs. However, the value of SWE in the differential diagnosis among different

pathological types of malignant FLLs has not been proved.

AIM
To explore the value of two-dimensional SWE (2D-SWE) using Emax in the differential
diagnosis of FLLs, especially among different pathological types of malignant FLLs.

METHODS
All the patients enrolled in this study were diagnosed as benign, malignant or

undetermined FLLs by conventional ultrasound. Emax of FLLs and the periphery of

1/14




FLLs was measured using 2D-SWE and compared between benign and malignant FLLs

or among different pathological types of malignant FLLs.

RESULTS

The study included 32 benign FLLs in 31 patients and 100 malignant FLLs in 96
patients, including 16 cholangiocellular carcinomas (CCCs), 72 hepatocellular
carcinomas (HCCs) and 12 liver metastases. Thirty-five FLLs were diagnosed as
undetermined by conventional ultrasound. There were significant differences between
Emax of malignant (2.21 £+ 0.57 m/s) and benign (1.59 £ 0.37 m/s) FLLs (P = 0.000), and
between Emax of the periphery of malignant (1.52 + 0.39 m/s) and benign (1.36 + 0.44
m/s) FLLs (P = 0.040). Emax of liver metastases (2.73 + 0.99 m/s) was significantly
higher than that of CCCs (2.14 + 0.34 m/s) and HCCs (2.14 + 0.46 m/s) (P = 0.002). The
sensitivity, specificity and accuracy were 71.00%, 84.38% and 74.24% respectively, using
Emax > 1.905 m/s (AUC 0.843) to diagnose as malignant and 23 of 35 (65.74%) FLLs

with undetermined diagnosis by conventional ultrasound were diagnosed correctly.

CONCLUSION

Malignant FLLs were stiffer than benign ones and liver metastases were stiffer than
primary liver carcinomas. 2D-SWE with Emax was a useful complement to

conventional ultrasound for the differential diagnosis of FLLs.
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Core Tip: Two-dimensional shear wave elastography (2D-SWE) could address the
limitations of point SWE and provide overall elastic information in tumors and locate
the stiffest part of the tumors. We used 2D-SWE with maximal elasticity to measure the
stiffness of focal liver lesions (FLLs) and to explore the value of 2D-SWE in the
differential diagnosis of FLLs, especially among different pathological types of
malignant FLLs. Our results showed malignant FLLs were stiffer than benign ones and
liver metastases were stiffer than primary liver carcinomas. 2D-SWE with Emax was

useful complement to conventional ultrasound for the differential diagnosis of FLLs.

INTRODUCTION

The clinical management and prognosis differ between benign and malignant solid
focal liver lesions (FLLs), and among different pathological types of malignant FLLs[!-31.
Accurate diagnosis of solid FLLs, not only as benign or malignant FLLs, but also the
possible types of malignant FLLs, is important(4®l,

Ultrasound elastography, especially two-dimensional shear wave elastography (2D-
SWE) which provides quantitative information about tissue stiffness, is a useful tool to
differentiate malignant from benign FLLs[78l. Our previous study confirmed the value
of SWE in the differential diagnosis between benign and malignant FLLs[l.

However, the value of SWE in the differential diagnosis among different pathological
types of malignant FLLs has not been proved. Park et alll0l showed
that cholangiocellular carcinoma (CCC) had the lowest shear wave velocity, followed
by liver metastases, and hepatocellular carcinoma (HCC) had the highest shear wave
velocity; whereas Gerber et alll'll showed that CCC had the highest stiffness and liver
metastases had the lowest.

Considering the inhomogeneity of tumor stiffness (especially malignant tumors), we
used maximal elasticity (Emax) as the pararheter to evaluate the stiffness of FLLs and
obtained promising resultsl’l. In the present study, we used 2D-SWE with Emax as the

parameter to measure the stiffness of FLLs and to explore the value of SWE with Emax
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in the differential diagnosis of FLLs, especially among different pathological types of
malignant FLLs.

MATERIALS AND METHODS

Study design
This was a prospective study that was approved by the institutional ethical review
board of our hospital. All patients provided written informed consent before ultrasound

examination.

Patients

Inpatients in the department of Hepatobiliary Surgery between November 2021 and
January 2022 who met the following criteria were included: (1) one or more solid FLLs
shown on conventional ultrasound with a maximal lesion depth < 8 cm; and (2) the
targeted FLL showed as green on quality mode, indicating good quality of SWE. The
exclusion criteria were: (1) patients refused to join the study; (2) no definite final
diagnosis; malignant tumors except for liver metastases had to be diagnosed
pathologically after surgery; benign tumors or liver metastases could be diagnosed
pathologically or by contrast-enhanced ultrasound (CEUS) together with contrast-
enhanced computed tomography (CT) or contrast-enhanced magnetic resonance
imaging (MRI) 1 wk before or after 2D-SWE. We included 132 solid FLLs in 127

patients. The gender, age and history of malignancy were recorded.

Conventional ultrasound examination
An Acuson Sequoia diagnostic ultrasound machine (Siemens Medical Solutions,
Mountain View, CA, United States) and a transabdominal 5C1 probe were used for
conventional ultrasound examination. Before the examinations, all patients fasted for at
least 8 h.

One ultrasound physician with > 15 years’ experience in conventional ultrasound

performed the hepatic ultrasound scan to detect FLLs. The length and width of every
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lesion were measured to calculate the volume according to the formulal'2: V = 0.5 LW?
(V: Volume; L: Length; W: Width). A diagnosis as benign, malignant or undetermined
was made for each lesion by the ultrasound physician according to the ultrasound
features including the number, size, shape, boundary, echogenicity and blood flow of

the lesion and surrounding hepatic echogenicity.

2D-SWE examination

After conventional ultrasound examination, another ultrasound physician who was
well trained in ultrasound elastography performed all the 2D-SWE examinations using
the same ultrasound equipment and probe, putting no pressure on the skin through the
probe. The patients were asked to lie flat on the examination bed. The targeted FLL was
shown clearly on the screen and the 2D-SWE mode was activated. A region of interest
(ROI) was drawn including the whole or partial tumor and some surrounding liver
tissue. If the tumor showed green on quality mode (Figure 1A), it meant that the quality
of the 2D-SWE image was up to standard. In velocity mode, we set the speed bar at 0.5-
4.0 m/s (Figure 1B); drew two circular ROIs (with 3 mm diameter) to be placed at the
stiffest site in the tumor and at the periphery of the tumor (Figure 1C). The maximum

values of the two ROIs were recorded (Figure 1D) as Emax for further analysis.

Statistical analysis

SPSS version 13.0 (IBM Corporation, Chicago, IL, United States) was used for statistical
analysis. P < 0.05 was considered statistically significant. Normal distribution using the
Kolmogorov-Smirnov ~ test ~was used first for  measurement data.
Independent sample t test, one way analysis of variance and least significant difference
were used for data with normal distribution and the data were reported as mean + SD.
Otherwise, the Mann-Whitney or Kruskal-Wallis test was used and the data were
reported as interquartile range. The cut-off point of Emax was calculated by a receiver

operating characteristic curve. The enumerative data were presented as numbers and
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percentage and Pearson’s chi-square test and Fisher’s exact test were used for statistical

analysis.

RESULTS

Patients and final diagnosis

There were 132 solid FLLs in 127 patients (80 men and 47 women; aged 24-77 years;
mean age 54.23 + 12.04 years) in this study, including 32 benign FLLs in 31 patients (6
focal nodular hyperplasia, 15 hemangioma and 11 diagnosed definitely as benign but
without pathological results) and 100 malignant FLLs in 96 patients (16 CCCs, 72 HCCs
and 12 liver metastases). The differences in age, gender and history of malignancy
between the malignant and benign groups are shown in Table 1. Compared with
patients with benign FLLs, patients with malignant FLLs were older and more often
male. The history of malignancy had no significant difference between the two groups.
The differences in age, gender and history of malignancy among three types of
malignancy are shown in Table 2. The age and gender had no significant differences
among the three groups, although the age of patients with liver metastases was
significantly higher than that of patients with HCC. Patients with liver metastases were
more often had a history of malignancy, compared with patients with primary liver

cancer, including HCC and CCC.

Conventional ultrasound results

Volume of benign FLLs (20.73-113.69 cm?) and malignant FLLs (30.56-79.62 cm?) had no
significant difference (Z = 0.263, P = 0.793). Volume of CCCs (39.58-120.22 cm?), HCCs
(26.34-75.69 cm?) and liver metastases (32.76-41.67 cm?) had no significant difference ()2
= 1.869, P = 0.393). For 32 benign FLLs, 12 were diagnosed as benign, 18 as
undetermined and two were misdiagnosed as malignant. For 100 malignant FLLs, 81
(12 CCCs, 59 HCCs and 10 metastases) were diagnosed correctly as malignant, 17 were
undetermined (4 CCCs, 11 HCCs and 2 liver metastases) and 2 were misdiagnosed as

benign (both HCCs). The undetermined rate of conventional ultrasound was 26.52%
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(35/132). For the FLLs with definite diagnosis by conventional ultrasound, the

sensitivity, specificity and accuracy were 85.71%, 97.59% and 95.88%, respectively.

2D SWE results

Comparisons between benign and malignant FLLs: The differences in 2D-SWE results
between benign and malignant FLLs are shown in Table 3. Emax of malignant FL
were significantly higher than those of benign FLLs. Emax of the periphery of
malignant FLLs were significantly higher than those of benign FLLs. The cut-off point
of Emax of the tumors was 1.905 with AUC 0.843 (Figure 2). The sensitivity, specificity
and accuracy were 71.00%, 84.38% and 74.24% respectively using Emax > 1.905 m/s for
diagnosis as malignant (Figure 3). For 35 FLLs with undetermined diagnosis by
conventional ultrasound, 23 (65.71%) FLLs including 14 of 18 benign and nine of 17

malignant FLLs were diagnosed correctly.

Comparisons among different types of malignant FLLs: The differences in 2D-SWE
results among different types of malignant FLLs are shown in Table 4. There were
significant differences among Emax of CCCs, HCCs and liver metastases. Emax of liver
metastases was significantly higher than that of CCCs and HCCs. There were no
significant differences among Emax values of the periphery of CCCs, HCCs and liver

metastases.

DISCUSSION

In this study, e explored the value of 2D-SWE using Emax as the quantitative
parameter in the differential diagnosis of FLLs, especially among different pathological
types of malignant FLLs. Our results showed that malignant FLLs were stiffer than
benign ones and liver metastases were stiffer than primary liver carcinomas. 2D-SWE
with Emax was a useful complement to conventional ultrasound for the differential

diagnosis of FLLs.
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The comparison of patients’ basic information showed that compared with patients
with benign FLLs, patients with malignant FLLs tended to be older, male and have a
history of malignancy. Among three different types of malignant FLLs, the distribution
of patients’ age and gender had no significant difference, while patients with liver
metastases were more likely to have a history of malignancy. These results were similar
to those in previous studies!'?l,

Conventional ultrasound is well recognized as the first imaging choice for the
screening and diagnosis of FLLs!"4. However, the diagnostic efficiency of conventional
ultrasound for the differential diagnosis of benign and malignant FLLs or among
different pathological types of malignant FLLs was not good enough. For some FLLs,
the diagnosis using conventional ultrasound alone is difficult!™®l. That is one of the
reasons for the development of new ultrasound technologies, including CEUS and
ultrasound elastography. In this study, we diagnosed FLLs as benign, malignant and
undetermined by conventional ultrasound and 35 of 132 (26.52%) were diagnosed as
undetermined. Further diagnosis using other imaging methods was necessary.

CEUS could provide similar or better diagnostic performance for the differential
diagnosis of FLLs without radiation and iodine allergy, compared with contrast
enhanced CT['®l. CEUS has particularly high value for the differential diagnosis of
complex cystic and cysticlike FLLs['78], In this study, for some benign tumors or liver
metastases without pathological diagnosis, the combined results of CEUS together with
contrast enhanced CT or contrast enhanced MRI were as final. Compared with CEUS,
ultrasound elastography has the advantages of being less expensive and less time-
consuming/™l.

Our previous study using virtual touch tissue quantification imaging with Emax has
proven its value in the differential diagnosis between benign and malignant FLLsl%l. 2D-
SWE is one of the most advanced elastography techniques and could provide overall
elastic information in tumors and locate the stiffest part/20l. In this study, the cutoff point
of Emax was 1.905, which was similar to our previous resultl’. Twenty-three of 35

(65.71%) FLLs with undetermined diagnosis by conventional ultrasound were
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diagnosed accurately using 2D-SWE with Emax. If FLLs could be diagnosed confidently
using conventional ultrasound, no further examination was needed; otherwise, 2D-SWE
with Emax could be a useful complement to conventional ultrasound and improve the
diagnostic efficiency.

The elastic differences among different types of malignant FLLs are still uncertain.
Our results showed that the stiffness of liver metastases was significantly higher than
that of primary liver tumors, including CCCs and HCCs, while the stiffness of CCCs
and HCCs had no significant differences. This was similar to the study of Park et all21],
which showed that the stiffness of HCCs was significantly lower than that of liver
metastases. However, some other studies had the opposite resultsl!®11l. One study
reported that CCCs had the lowest stiffness and HCCs the highest stiffness/'?l. Another
study found that CCCs had the highest stiffness and liver metastases the lowest[!'l. One
important reason for the conflicting results is that the sample number in every study
was not large enough, and it is necessary to carry out further studies with large samples
to confirm our results.

There were some limitations to our study. First, as mentioned above, only a few cases
of CCCs and liver metastases were included. Second, no pathological methods were
used to confirm the stiffness of the tumors and explain the differences among different

pathological types of malignant FLLs.

CONCLUSION

In conclusion, malignant FLLs were stiffer than benign FLLs and liver metastases were
stiffer than primary liver carcinomas. 2D-SWE with Emax was a useful complement to

conventional ultrasound for the differential diagnosis of FLLs.

ARTICLE HIGHLIGHTS

Research background
Conventional ultrasound is the first imaging choice for liver diseases with the

diagnostic efficiency not good enough, which promotes the development of new
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ultrasound technologies, such as contrast enhanced ultrasound and ultrasound
elastography. Two dimensional shear wave elastography (2D-S is convenient, less
time-consuming and inexpensive. SWE plays an important role in the assessment of
liver fibrosis and in the differential diagnosis of benign and malignant focal liver lesions
(FLLs). However, its value for the differential diagnosis among different types of

malignant FLLs has not been proved.

Research motivation

Though the value of SWE or the differential diagnosis between malignant and benign
FLLs was not widely recognized, our previous study showed promising results using
maximal elasticity (Emax) as the parameter to differentiate malignant FLLs from benign
ones. As the clinical management and prognosis of different pathological types of
malignant FLLs arendifferent, it is important to diagnose accurately of the possible
pathological types. So, it was necessary to explore the value of 2D-SWE with Emax in

differential diagnosis of different pathological types of malignant FLLs.

Research objectives
We aim to explore the value of 2D-SWE using Emax in the differential diagnosis of

FLLs, especially among different pathological types of malignant FLLs.

Research methods

In this study, we diagnosed all FLLs as benign, malignant and undetermined using
conventional ultrasound. And the stiffness of FLLs and the periphery of FLLs were
evaluated using 2D-SWE and the quantitative parameter Emax. Emax of FLLs and the
periphery of FLLs were compared between benign and malignant FLLs or among

different pathological types of malignant FLLs.

Research results
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There were totally 132 FFLs in 127 patients enrolled in the study, including 32 benign
FLLs, 16 cholangiocellular carcinomas (CCCs), 72 hepatocellular carcinomas (HCCs)
and 12 liver metastaseg, Thirty-five FLLs were diagnosed as undermined by
conventional ultrasound. Emax of malignant FLLs (2.21 + 0.57 m/s) were significan
higher than those of benign FLLs (1.59 + 0.37 m/s) (P = 0.000). Emax of the periphery of
malignant FLLs (1.52 + 0.39 m/s) were significantly higher than those of benign FLLs
(1.36 + 0.44 m/s) (P = 0.040). The cut-off point of Emax of the tumors was 1.905 with
AUC 0.843. The sensitivity, specificity and accuracy were 71.00%, 84.38% and 74.24%
respectively using Emax > 1.905 m/s for diagnosis as malignant and 23 of 35 (65.74%)
FLLs with undetermined diagnosis by conventional ultrasound were diagnosed
correctly. Emax of liver metastases (2.73 + 0.99 m/s) was significantly higher than that
of primary liver carcinomas, including CCCs (2.14 + 0.34 m/s) and HCCs (2.14 + 0.46
m/s) (P = 0.002).

Research conclusions

Malignant FLLs were stiffer than benign ones and liver metastases were stiffer than
primary liver carcinomas. 2D-SEW with Emax was a useful complement to
conventional ultrasound for the differential diagnosis of FLLs.

Research perspectives

In this study, we demonstrated the differences of 2D-SWE with Emax between benign
and malignant FLLs and among different pathological types of malignant FLLs.
Prospective study to explore the value of 2D-SWE with Emax in the evaluatation the
different stiffness of liver metastases from different sources or the different stiffness of

HCC with different microvascular invasion grade will be necessary.
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