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Liver cancer is the sixth most common cancer and the third most common cause of
cancer death, based on Global Cancer Statistics 2020 [1]. Hepatocellular carcinoma (HCC)
is the most common type of primary liver cancer [2].

The liver imaging reporting and data system (LI-RADS) is a comprehensive system
for standardizing liver imaging in patients at risk of developing HCC. In general, an
abdominal ultrasound (US) is the initial screening modality for the detection of HCC.
Contrast-enhanced computed tomography (CECT), and contrast-enhanced magnetic res-
onance imaging (CEMRI) are recommended as first-line diagnosis methods for HCC
diagnosis because of their powerful differential diagnosis of liver neoplasms [3]. According
to the development of US contrast agents and US systems, contrast-enhanced US (CEUS)
is able to characterize focal liver lesions in detail. The European Federation of Societies
for Ultrasound in Medicine and Biology guidelines highlight the role of CEUS as a cost-
effective technique with a good safety profile for the characterization and detection of focal
liver lesions [4]. The side effects of US contrast agents are usually mild and rare. There
are no hepatotoxic or nephrotoxic effects, and there is no need to assess liver or kidney
function prior to this imaging. When a blood pool contrast agent (SonoVue®, Bracco,
Milan, Italy) was used for abdominal imaging as a US contrast agent, no deaths occurred
among the 23,188 enrolled patients [5]. When used for characterizing focal liver lesions, a
perflubutane-based microbubble contrast agent (Sonazoid®, GE Healthcare, Oslo, Norway)
was reported to be associated with a low incidence of mild adverse effects, including
tolerable myalgia (3.7%), abdominal pain (1.9%), and headache (1.9%), and had no serious
adverse effects [6].

However, the American Association for the Study of Liver Diseases (AASLD) does not
accept CEUS as a reliable diagnostic technique, as several studies have suggested that HCC
can be hardly distinguished from some other non-HCC malignancies, such as intrahepatic
cholangiocarcinoma and mixed hepatocellular and cholangiocarcinoma in CEUS, thus
leading to inappropriate clinical strategies being applied [7,8].

In this Special Issue regarding “Abdominal Ultrasound and Treatment of Hepatocel-
lular Carcinoma”, Li et al. perform a meta-analysis to evaluate the diagnostic accuracy
of CEUS LI-RADS category 5 (LR5) for diagnosing HCC and CEUS LI-RADS category M
(LRM) for characterizing in other non-HCC malignancy patients at risk of HCC in com-
parison to CT/MRI LI-RADS LR5 and LRM [9]. A pooled analysis revealed a sensitivity
of 69% and a specificity of 93% for CEUS LR5 and a sensitivity of 67%, and a specificity
of 93% for CT/MRI LR5 for diagnosing HCC. Their study also indicated that the pooled
sensitivity and specificity for characterizing other non-HCC malignancies with respect to
CEUS LRM were 84% and 90%, respectively, and that those of CT/MRI LRM were 63%
and 95%. Therefore, this meta-analysis indicated that CEUS LI-RADS can be reliably used
to characterize HCC and other non-HCC malignancies and may provide complementary
information on liver nodules to CT/MRI LI-RADS [9].

The current version of CEUS LI-RADS (version 2017) is applicable only to pure blood
pool contrast agents such as Lumason® (Bracco Diagnostics, Monroe Township, NJ, USA)
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(as same as SonoVue®) and Definity® (Lantheus Medical Imaging, Billerica, MA, USA), but
not to combined blood pool and Kupffer cell contrast agents such as Sonazoid®. Unlike
pure blood pool contrast agents, combined blood pool and Kupffer cell contrast agents
have a post-vascular phase, which is defined as occurring about 10 min after injection. As
liver lesions that have decreased or no Kupffer cells appearing as defective areas during the
post-vascular phase of CEUS with Sonazoid, Sugimoto et al. defined that nodules ≤1 cm
with arterial phase hyperenhancement, no early washout (within 60 s), and defective
areas in the post-vascular phase should be classified as LR-5 [10]. Liver lesions showing
early washout, defective areas in the post-vascular phase, and/or rim enhancement in
the arterial phase were classified as LR-M. A total of 104 lesions in 104 patients were
evaluated. The 48 (46.2%) LR-5 lesions included 45 HCCs, 2 high-flow hemangiomas, and
1 adrenal rest tumor. The positive predictive value (PPV) of LR-5 for HCC was 93.8% (95%
confidence interval (CI): 82.8–98.7%). The 22 (21.2%) LR-M lesions included 16 non-HCC
malignancies and 6 HCCs, including 4 poorly differentiated HCCs. The PPV of LR-M for
non-HCC malignancies, including six intrahepatic cholangiocarcinomas, was 100% (95%
CI: 69.8–100%). Therefore, in the modified CEUS LI-RADS for Sonazoid, LR-5 and LR-M
are good predictors of HCC and non-HCC malignancies, respectively [10]. Similar to this
result, we have to ensure that poorly differentiated HCC has the tendency to exhibit an
early washout, as evaluated by CEUS with Sonazoid [11].

Geyer et al. evaluated 160 patients with unclear liver lesions who underwent CEUS
followed by liver biopsy [12]. Comparing with histopathological results as the reference
standard, CEUS with SonoVue showed a sensitivity of 94.5%, a specificity of 70.6%, a
true positive rate of 87.3%, and a true negative rate of 85.7%, without the occurrence of
any adverse side effects. Amongst the liver lesions, which CEUS wrongly classified as
malignant, histopathology most frequently revealed fibrotic lesions (n = 7) and cirrhotic
lesions (n = 3). In patients with advanced liver cirrhosis, we have to be aware of the fact
that the destruction of the hepatic parenchyma may result in confluent liver fibrosis, which
is known to show varying characteristics in dynamic contrast-enhanced imaging [12].

The European Federation of Societies for Ultrasound in Medicine and Biology guide-
lines also recognizes CEUS as a cost-effective technique with a good safety profile for
monitoring tumor response after curative, loco-regional, or systemic treatment for HCC [4].
Transarterial chemoembolization (TACE) is mainly indicated for HCC patients with the
Barcelona Clinic Liver Cancer (BCLC) stage B or HCC patients with BCLC stage A that
have no candidate for RFA. Shiozawa et al. performed CEUS with Sonazoid within three
days after TACE with drug-eluting beads (DEB-TACE) for 39 HCC lesions and investigated
whether enhancement patterns can be used to predict the early therapeutic efficacy of DEB-
TACE [13]. High complete response rates one month after treatment were found for lesions
with no enhancement (94.1%) and peripheral ring enhancement (85.7%). The complete
response rates at both 1 and 12 months after treatment were also significantly higher for
lesions with no enhancement than for those with partial enhancement. CEUS immediately
after DEB-TACE may allow the early assessment of therapeutic efficacy, with findings of
no enhancement or peripheral ring enhancement suggesting a positive outcome [13].

Radiotherapy has excellent local control and overall survival in patients with good
liver function, and it appears to be an acceptable alternative treatment option for patients
who are not candidates for RFA [14,15]. Funaoka et al. investigated the use of CEUS with
Sonazoid for evaluating the efficacy of radiotherapy for HCC [16]. Fifty-nine patients with
59 HCCs were evaluated retrospectively. Tumor size and tumor vascularity were evaluated
using CEUS with Sonazoid before and 1, 3, 7, 10, and 13 months after radiotherapy.
The median follow-up period was 44.5 months (range: 16–82 months). Compared with
cases with local recurrence, the tumor size reduction and reduction in tumor vascularity
(p < 0.001) were significantly greater in cases with no local recurrence 13 months after
radiotherapy. The re-injection of Sonazoid during the post-vascular phase was an effective
method for evaluating the vascularity of the target HCC itself and the surrounding liver



Diagnostics 2021, 11, 1268 3 of 4

parenchyma showing the defective area in the post-vascular phase caused by radiotherapy.
CEUS with Sonazoid may be useful for evaluating radiotherapy efficacy for HCC [16].

In addition, hypervascular HCCs with an isoechoic or unclear margin on B-mode
appeared as defective areas during the post-vascular phase CEUS with Sonazoid, and
we could puncture them in real-time. CEUS with Sonazoid was useful for the guidance
of percutaneous ablation therapy, such as the radiofrequency ablation (RFA) of HCCs
not detected by conventional US [17]. Moreover, fusion imaging combining CEUS with
Sonazoid and arterial-phase CECT as a reference was a useful method for evaluating the
therapeutic efficacy of RFA for hypervascular HCCs detected using B-mode [18]. Fusion
imaging combining CEUS with Sonazoid and the hepatobiliary phase of contrast-enhanced
MRI with gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid (Gd-EOB-DTPA,
Primovist®; Bayer Schering Pharma AG, Berlin, Germany; EOB-MRI) was also useful
for evaluating the therapeutic efficacy of RFA for HCCs identified as having isoechoic or
unclear margins on B-mode [19].

Radiomics is a technology based on the quantitative extraction of image characteris-
tics from radiological imaging modalities. Artificial intelligence (AI) algorithms are the
principal axis of the radiomics procedure and may provide various results from large data
sets beyond conventional techniques. Maruyama et al. reviewed the application of the
radiomics-related diagnosis of HCC using radiological imaging (CT, MRI, and US), and
discussed the current role, limitation, and future of US [20]. Investigators have shown the
effect of using the US-based radiomics approach for the prediction of tumor characteristics
and malignant potential posttreatment efficacy and prognosis. However, evidence has
shown that the actual significance of AI-based US examinations is still far behind the effect
of CT or MRI. The advantages of US are its simplicity, noninvasiveness, and real-time
observation. Meanwhile, the disadvantages of US are operator and patient-dependent
variations. The disadvantages of US have a great influence on each step of the workflow of
radiomics, which may also be linked to the small number of US-based radiomics studies
that have taken place. The major future direction of US-based radiomics may depend on
how to utilize the US data, such as law data, cine clip data including multiple frames,
and three-dimensional data. Moreover, comprehensive integration using a broad spec-
trum of laboratory data may help to improve the potential of AI-related US examination.
The advantage of radiomics is operator independence, which may overcome one of the
disadvantages of US in the near future [20].

The number of HCC patients experiencing metabolic dysfunction-associated fatty
liver disease are significantly increasing year by year. CECT and CEMRI are generally
recommended for use in obese patients. On the other hand, severely obese individuals are
sometimes too big to fit in the CECT or CEMRI unit. In such cases, US may be the only
modality for the screening of hepatic lesions. The further development of US systems that
can detect HCCs located in deep portions of the liver and evaluate its vascularity even in
cases of severely obese patients is necessary.

In closing, I believe that this Special Issue, including two review articles and four
original articles, will contribute to providing a more comprehensive understanding of
the diagnosis and evaluation of the therapeutic efficacy of HCC using abdominal US,
especially CEUS.
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