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Hepatocellular carcinoma (HCC) is increasing worldwide 
and is a common cancer in both males and females (1). It is 
also the major leading cause of cancer-related death, with 
an incidence-to-mortality ratio close to 1.0 (2). 

Unlike the other malignancies, HCC develops in patients 
with chronic liver disease typified with advanced fibrosis. 
Despite the recent transition of the patient population 
by the control of viruses with oral medications, cirrhosis 
patients with chronic hepatitis B virus (HBV) or hepatitis 
C virus (HCV) infection remain the major risk factors. 
Those with alcohol abuse, primary biliary cholangitis, non-
alcoholic steatohepatitis (NASH), autoimmune hepatitis, 
or other etiologies also have a risk for developing HCC. 
Furthermore, Asian males ≥40 years, Asian females  
≥50 years ,  fami ly  h is tory  of  HCC, and Afr icans  
≥20 years are considered high-risk groups in patients with 
chronic HBV infection even without cirrhosis (3). The 
ideal surveillance of HCC can be achieved based on the 
recognition of these risk factors.

The purpose of HCC surveillance is to recognize early 
stage lesions that are candidates for curative treatment, such 
as local ablation or surgical resection. HCC surveillance 
is also expected to contribute to the improvement of their 
survival. Regarding the surveillance interval, a Chinese 
study conducted in 18,816 patients with HBV infection 
or a history of chronic hepatitis reported that biannual 
screening reduced HCC mortality by 37% (4). A recent 
multi-center cohort study addressed the association of 

compliance with HCC surveillance guidelines (fewer than  
7 months between image evaluations) in the early 
diagnosis of HCC, allocation of curative treatment, and 
longer lead time adjusted overall survival of patients with 
HCV- or HBV-associated compensated cirrhosis and a 
diagnosis of HCC (5). It follows the evidence available 
of a survival benefit with 6-months HCC surveillance. In 
addition, Trinchet et al. demonstrated that ultrasound (US) 
surveillance every 3 months detects more small focal lesions 
than US every 6 months but does not improve the detection 
of small HCCs (6). These data strongly support the validity 
of HCC surveillance under a 6-month time frame, which 
is also recommended by international guidelines (7-9). 
Surveillance program based on personalized medicine 
following further stratification of risk assessment is the 
challenge for the future.

Combinations of radiographic tests [US, computed 
tomography (CT) or magnetic resonance imaging (MRI)] 
and serologic tests (alpha-fetoprotein, alpha-fetoprotein L3, 
and PIVKAII) are common surveillance strategies for HCC. 
Due to the possible adverse events caused by the CT/MRI 
contrast materials, that is, allergy and nephrotoxic potential, 
US is often used in daily medical care with an established 
fact of “safety is a top priority”. Because of the availability 
of microbubble-based materials, contrast-enhanced US 
(CEUS) has become popular with the advantages of 
less invasiveness, real-time observation, and fewer side  
effects (10). Following the first-generation contrast agent 
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Levovist, several kinds of second-generation agents have 
been introduced with the improved stability of microbubbles 
and the efficiency of contrast effects, i.e., SonoVue, 
Definity, and Sonazoid (11). Because of its unique property 
of microbubble accumulation in the reticuloendothelial 
system, so-called post-vascular phase or Kupffer phase, 
Sonazoid is frequently used for the detailed assessment of 
focal liver lesions. Investigators have shown the benefits of 
CEUS with Sonazoid for the detection of HCCs that could 
not be recognized by B-mode US, the improvement of the 
conspicuous border line of hepatic lesions, the assessment 
of tumor vascularity, tumor characterization, the evaluation 
of HCC cellular differentiation, and various therapeutic 
support methods (10).

Against these backgrounds, Park et al. reported interesting 
data about CEUS with Sonazoid in HCC surveillance 
showing two major points, an unchanged detection rate 
of early stage HCC and a reduced false referral rate (12). 
Regarding the former, 497 patients without suspected HCC 
on B-mode US were the subjects. Although the detailed 
procedures are not described in this paper, scanning of 
the whole liver under the post-vascular phase caused by 
microbubble accumulation may be the principal methodology 
to detect lesions showing hypo-enhancement or defects. 
Unfortunately, the detection rate of early stage HCC was not 
improved by adding CEUS with Sonazoid to conventional 
B-mode US (difference, 0.4%; P=0.16). They raised 4 points 
to explain the result: (I) lower incidence of HCC than the 
prior estimate; (II) inherent limitations of CEUS similar to 
those of B-mode US caused by the participant’s body habitus 
and acoustic shadowing by the aerated lung, ribs, and colonic 
interposition; (III) the presence of Kupffer cells in small well-
differentiated HCCs; and (IV) bias in the patient population 
(mostly HBV-related liver cirrhosis). 

Their interpretations seem reasonable, and particularly, 
the third point may be the principal axis for their data. In 
general, discrimination between benign and malignant 
les ions  by CEUS with Sonazoid depends  on the 
enhancement pattern of the post-vascular phase, positive 
enhancement for the former and negative enhancement 
for the latter. However, there is a close relationship 
between the degree of microbubble accumulation 
and the cellular differentiation of HCC supported by 
quantitative analysis; some of early-stage well-differentiated 
HCC show positive enhancement in the post-vascular  
phase (13). Another issue is the changing enhancement 
patterns related to dedifferentiation. A unique study 
performed on HCCs with nodule-in-nodule appearance 

reported that dedifferentiation of HCC was accompanied 
by changes in the neovascularity prior to the reduction of 
microbubble accumulation in the post-vascular phase (14). 
Taken together, Kupffer cells may be present even in early 
stage or well-differentiated HCC with dedifferentiation 
typified by arterial vascularity; scanning in the post-vascular 
phase may not necessarily be effective to detect early HCC 
although it has the advantage of easy and stable observation 
unlike the arterial phase images created by the movement 
of dynamic microbubbles. In other words, screening for 
HCC lesions using post-vascular phase imaging might have 
potential pitfalls with the risk of missing such lesions.

At present, how should clinician follow-up hepatic 
lesions when they show iso-enhancement in the post-
vascular phase? A prospective study conducted in 87 post-
vascular phase iso-enhancement hepatic lesions (PIELs) on 
CEUS with Sonazoid reported that the cumulative HCC 
occurrence rates from PIEL >14 mm were 23.5% at 1 year 
and 46.3% at 3 years (15). Cox regression analysis showed 
that PIEL >14 mm (hazard ratio, 6.780; P=0.002) and 
alpha-fetoprotein >20 ng/mL (hazard ratio, 4.892; P=0.007) 
were statistically significant factors for HCC occurrence; 
therefore, careful monitoring is required in such patients.

Overdiagnosis by B-mode US is unavoidable and may 
be due to the nature of non-contrast imaging. Using 
CEUS with Sonazoid as a next step, as expected, the false 
referral rate of HCC was significantly reduced (difference, 
23.2%; P<0.001) (12). In Park et al.’s cohort, 27 patients 
had suspected HCC on B-mode US, but CEUS diagnosed 
18 of them as not having HCC, which was supported by 
following reference standard procedures. In the remaining 
9 patients, 3 were considered as false-positive results  
by CEUS. 

A previous study that compared the diagnostic ability 
of small hepatic lesions (≤30 mm) between CEUS with 
Sonazoid and gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB-DTPA) enhanced MRI showed 
that the sensitivity, specificity, and accuracy of hepatic-
arterial phase hyper-enhancement for well-differentiated 
HCC was respectively 59.3%, 100%, and 67.2% by US 
and 46.3%, 100%, and 56.7% by MRI without significant 
difference. Meanwhile, the sensitivity, specificity, and 
accuracy of liver-specific-phase hypo-enhancement for well-
differentiated HCC was respectively 44.4%, 100%, and 
55.2% by US and 87.0% (P<0.0001), 46.2% (P=0.0052), 
and 79.1% (P=0.0032) by MRI (16). Higher specificity may 
be the advantage of CEUS with Sonazoid; therefore, the 
current author was curious about the findings by Park et al. 
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in 3/9 patients with false-positive results (12), although such 
overestimation may be likely in real-world practice.

Park et al. assessed how to use CEUS with Sonazoid for 
primary use or secondary use as an extensive test. Data on 
no difference in the detectability may limit the primary use 
value. Of course, the result depends on the characteristics 
of the hepatic lesions in the cohort. The substantial effects 
of CEUS in patients with NASH, which shows a global 
increase, require further investigation. 

A Japanese study by Kudo et al.  using Sonazoid 
accompanied by re-injection demonstrated that 16 
additional HCCs that were not detected on B-mode US 
were detected by CEUS in a cohort of 292 patients under 
HCC surveillance (17). Another prospective study under 
randomized control setting (SELECTED) reported the 
advantage of CEUS with Sonazoid, finding a higher 
detectability of smaller lesions (13.0±4.1 mm) than using 
B-mode US (16.7±4.1 mm, P=0.011) (18). Taken together, 
the practical benefit of using CEUS with Sonazoid in 
patients without suspicious HCCs on B-mode US may be 
controversial and remains to be elucidated.

There were some limitations to the study by Park  
et al. (12). Firstly, it was a single-arm study with no 
comparative cohort. Secondly, there were some biases: 
the subjects mainly had viral hepatitis, the US equipment 
was LOGIQ E9 (GE Healthcare) alone even in the multi-
center study, and the subjects were East Asians whose body 
mass index/physical size was relatively smaller than Western 
subjects. Thirdly, the role of CEUS in the chronological 
order was not examined as the authors acknowledged. 

In conclusion, it is necessary to find an ideal methodology 
for HCC surveillance, with an assessment of the cost-
effectiveness and survival benefits. CEUS with Sonazoid 
represents a non-invasive surveillance tool that is effective 
for the detection of HCC lesions, although the evidence is 
not sufficient to support the significance in international 
guidelines. Additional findings obtained from well-designed 
studies with large patient populations may reveal the true 
value of this technique.
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