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Abstract
Hepatocellular carcinoma (HCC) is the sixth most common neoplasm and the third death cause of cancer worldwide. Contrast enhanced ultrasound (CEUS) has been applied more than ten years and plays increasingly important roles on the management of HCC. On the basis of the Guideline and Good Clinical Practice Recommendations for CEUS in the liver–update 2012 and related literatures about management of HCC, we summarized the main roles, applications and advances of CEUS on management of HCC, including HCC surveillance, diagnosis, CEUS-guided treatment, treatment response evaluation and follow-up, etc. And the diagnosis algorithm for HCC is suggested. Meanwhile the comparisons between CEUS and contrast enhanced computed tomography/magnetic resonance imaging (CECT/CEMRI) in these areas were also discussed. In conclusion, despite CEUS is subject to the same limitation as baseline US and is inferior to CECT/CEMRI in some aspects, CEUS is proved to be of great values in management of HCC with inherent advantages, such as sufficient high safety profile suitable for the patients with renal failure or allergic to iodine, absence of radiation, easy repeatabiblity and high temporal resolution. The tremendous application and advance of CEUS regarding diagnosis and treatment of HCC provides more opportunity for the patient on each stage of HCC. 
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Core tip: Whether contrast enhanced ultrasound (CEUS) can be compared to contrast enhanced computed tomography/magnetic resonance imaging (CECT/CEMRI) on the management of hepatocellular carcinoma (HCC) is a controversial topic recently. Regarding to this issue, we listed almost all the updated applications of CEUS in this paper and discussed the main role of CEUS on the management of HCC by comparison with CECT/CEMRI. 
Zheng SG, Xu HX, Liu LN. Management of hepatocellular carcinoma: The role of contrast-enhanced ultrasound.
Available from: URL: 

DOI:

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common neoplasm and the third death cause of cancer worldwide[1, 2]. In most cases, HCC develops within an established background of chronic liver disease (70%–90% of all patients) and most of the patients have a background of liver cirrhosis[3]. The development of HCC is thought to occur through a multistep process in about 90% of cases in the following sequence: large regenerative nodule (RN), low- or high-grade dysplastic nodule (DN), DN with a focus of HCC, well differentiated HCC, moderately to poorly differentiated HCC[4]. On a histopathologic basis, portal tracts, including the portal vein and normal hepatic artery, were decreased in accordance with increasing grade of malignancy and were almost absent in HCCs. On the other hand, abnormal arteries due to tumour angiogenesis progressively increase along with the course of hepatocarcinogenesis. This progressive neo-angiogenesis provides the clue for clinical diagnosis of HCC with imaging techniques. 

Fortunately, with the development of HCC research and the application of new techniques, the management of HCC is updated frequently and the patients with each stage HCC have more optional therapeutic strategies. Therefore the patients can benefit from more effective treatments that will dramatically improve their survival. Among these new techniques, Contrast enhanced ultrasound (CEUS) plays increasingly important roles on the management of HCC[2, 5-8]. From the advent of the second generation of microbubble contrast agents (such as SonoVue®, Definity®, Luminity®) and nonlinear harmonic contrast imaging technique, CEUS has been applied to HCC management more than ten years, including HCC surveillance, diagnosis, CEUS-guided treatment, treatment response evaluation and follow-up, etc[9]. At the same time, a series of CEUS application modes, besides 2D or 3D transabdominal CEUS also including intraoperative CEUS (IO-CEUS), are developed and applied clinically for management of HCC[8]. Beside the up-mentioned vascular change, HCC tends to be lack of Kupffer cells (reticuloendothelial cells), particularly progressive dedifferentiation from well to moderately and poorly differentiated HCCs. This has become of particular importance with the introduction of a new contrast agent Sonazoid®, which can be engulfed by Kupffer cells. This contrast agent has a postvascular phase, which begins 10 min after contrast administration and lasts for 60 min. HCC always shows an enhancement defect in the postvascular phase due to the lack of Kupffer cells whereas benign lesion always shows sustained enhancement. The advent of Sonazoid® brings CEUS into the era of cell functional imaging or molecular US imaging[7, 10-12].    

Here, on the basis of the Guideline and Good Clinical Practice Recommendations for CEUS in the liver –update 2012[7] and other literatures about management of HCC, we summarized the main roles, applications and advances of CEUS on management of HCC. 

SURVEILLANCE FOR HCC


In the cirrhotic liver, the possibility of HCC increases with nodule size. Nodules < 1 cm are rarely malignant. Attention should be paid to the nodules ＞ 1 cm. The rate of HCC is 66% in nodules 1-2 cm, about 80% in nodules 2-3 cm and is above 92%-95% for nodules larger than 3 cm. The most challenging situation for imaging techniques is the diagnosis of nodules of 1-3 cm in diameter[7]. It has been proven that surveillance for HCC can decrease the disease-related mortality. For screening HCC in the high-risk patients with viral-related cirrhosis or alcoholic chronic liver disease, US follow up (at 3-6 mo intervals) is recommended, according to the AASLD guidelines[2,6], due to its simple, non-invasive, cost-effective and real time observation, although the tumor detectability of US is not high enough[8, 13]. CEUS has not yet been recommended as the sole imaging tool in screening HCC, which is largely ascribed to that examining the entire liver during the arterial phase to look for hyperenhancing nodules is difficult or impossible with CEUS because of the short duration of arterial phase. Washout in the portal or late phase is helpful for detection, whereas it is only observable in about 50% cases. For Sonazoid®, unlike SonoVue®, is different from pure blood-pool UCA, its postvascular phase lasts at least up to 60 min may improve the detection rate of HCC with CEUS. CEUS with Sonazoid® detects liver malignancy as defects on the post-vascular phase with a high sensitivity of 95%, specificity of 93%, positive predictive value (PPV) of 99%, and negative predictive value (NPV) of 97%[4, 7, 14-16]. 

CHARACTERIZATION OF HCC BY CEUS

Although HCC is generally accepted as a hypervascular tumor, conventional color Doppler US and power Doppler US have limited ability in depicting intralesional vascularity, because these methods are insensitive to slow ﬂow and deeply located blood vessels and are associated with a lot of artifacts. Thus the diagnostic capability of these methods for HCC is limited. On CEUS, HCC in cirrhotic liver typically exhibits arterial hyper-enhancement compared with the surrounding liver tissue, which is encountered in 93.5%-97% of cases[17-20]. Hyper-enhancement in the arterial phase is usually homogeneous and intense in HCC, but may be inhomogeneous in larger nodules (> 5 cm), which contain regions of necrosis. A thin, perilesional, rim-like hyperenhancement was seen in about 5%-34.6% HCCs, which might represent the tumor capsule or blood vessel around the lesion[17-20]. In most of the case, HCC always shows earlier enhancement than the surrounding liver. The detection rates of hyper-enhancement in lesions ≤ 1.0 cm, 1.1-2.0 cm, and 2.1 -3.0 cm were 67%, 83%-88%, and 92-100%, respectively[19-23], thus resulting in a relatively lower ability in determining the natures of the smaller lesions with the use of CEUS.

Wash out in late phase is observed overall in about half of the cases of HCC but more rarely in very small nodules (20%-30% in those 1-2cm, 40%-60% in those 2-3 cm)[7], but may be more frequent in patients from Eastern countries that washout is found in 80.4% HCCs in the portal phase and in 95.3% in the late phase[17, 18] . However, in those 1-2 cm, only 53.5% exhibited washout in the portal phase whereas 69%-90.7% in the late phase[19, 24]. Wash out is observed more frequently and quickly in HCC with poorer grades of differentiation than in well-differentiated HCC, which tend to be iso-enhanced in the late phase[25-27]. In comparison with other liver malignancy such as intrahepatic cholangiocarcinoma (ICC) or metastatic liver cancer, washout in the late phase is usually less marked in HCC[7, 28-32]. In addition, the wash out tends to start later in HCC, usually not before 60 s after UCA injection and, in up to 25% of cases, appearing only after 180 s; therefore, it is important to observe nodules in cirrhosis until very late (> 4 min) to increase sensitivity for the diagnosis of HCC[7].

The tumor thrombus in portal or hepatic vein is an important sign of HCC progression and determines the HCC staging and therapeutic strategy. Thus it is crucial to differentiate the malignant thrombus from benign thrombosis. CEUS is also valuable in evaluating presence and extension of portal vein or hepatic vein thrombosis caused by tumor invasion. Hyper-enhancement of the thrombus in the arterial phase will indicate malignant thrombosis whereas non-enhancement indicates benign thrombosis. CEUS seems to be superior to CT for detection (100% vs 68%) and characterization (98% vs 68%) of portal thrombosis complicating HCC [33]. The tumor source of a malignant portal vein thrombus may be invisible on US, especially in the case of diffuse HCC that portal vein thrombus may be the only visible clue. Moving the transducer from the thrombus to the adjacent liver is recommended to find if there is any washout region and the washed out regions of the liver should undergo reinjection to observe the arterial hyper-enhancement [7].
In the cirrhotic liver, arterial hyperenhancement with subsequent washout prompts the diagnosis of HCC when other lesions such as hemangioma, ICC, abscess, and hypervascular liver metastasis are excluded. On the other hand, arterial hyperenhancement not followed by wash out is also highly suspicious for HCC, mainly for the well-differentiated HCCs but is not conclusive[7, 34-36]. An inconclusive CEUS pattern should prompt other contrast imaging (CT or MRI) and, if these are still inconclusive, biopsy is recommended. In general, the sensitivity, speciﬁcity, and PPV of CEUS in diagnosing HCC are 88.8%, 89.2%, and 91.3%, respectively [18]. The diagnostic ability is highly associated with the nodule size that the sensitivities in nodules 1.0–2.0, 2.1–3.0 and 3.1–5.0 cm are 69%-80%, 97% and 100%, respectively, and the accuracies are 82%-87%, 97% and 100%, respectively[17, 19, 24]. 

The 2005 American Association for the Study of Liver Diseases (AASLD) guidelines accepted CEUS as a reference imaging for diagnosis of HCC just like contrast-enhanced CT or MRI[6]. CEUS is still a part of the Japanese guideline on HCC and the Asian Pacific Association for the Study of the Liver consensus recommendations on HCC but has been removed from the latest American guidelines[6]. This was partly justified by the fact that no UCA is licensed for the liver in the USA and additionally because of perceived possibility of false-positive HCC diagnosis in patients with ICC when CEUS is used alone. The role of CEUS in differential diagnosis between HCC and ICC is controversial. ICC always enhances later and more slightly and washes out more quickly than HCC on CEUS. In fact, in experienced hand, CEUS has the same accuracy as contrast-enhanced CT in diagnosing ICC and the likelihood of misdiagnosis is minimal[29-32].

The other major concern in cirrhotic liver is to make a distinction between HCC and other nodules such as large RN, low-grade and high-grade DN. Pathologically, large RNs and low-grade DNs generally show arterial and capillary supply similar to that detected in the adjacent cirrhotic nodules, whereas high-grade DNs and HCCs may show abnormally increased arterial supply. About 33.3%-60% HGDNs show arterial hyper-enhancement whereas 40% to 66.7% show hypo-enhancement[21, 24]. Washout is seldom found in the late phase for HGDN, in contrast to typical HCC. Occasionally, cancerous foci of very well differentiated HCC are encountered within DNs, which are called nodule-in-nodule lesions or DNs with a focus of HCC. Differentiation between HCC and these nodules is always a major concern in cirrhotic liver, as the appearance in BUS may be similar but their prognosis is substantially different from each other. CEUS facilitates the detection of HCC portion in DN that HCC portion generally shows arterial hyper-enhancement.   
HCC in cirrhotic liver usually does not harbor reticuloendothelial (Kupffer) cells, different from normal and cirrhotic liver parenchyma and from most solid benign liver lesions. The absence of Kupffer cells causes a defect in Sonazoid® uptake in the postvascular phase. The diagnostic capability of CEUS with Sonazoid® in the postvascular phase is similar to that of MRI with an SPIO and has been endorsed in the Japanese guidelines for the management of HCC[10-12, 37, 38].

Furthermore, CEUS has an inherent advantage over CECT or CEMRI: its real time imaging not only can dynamically display the vascular perfusion of HCC, but also can carry on quantitative analysis for FLL on the basis of time intense curve (TIC), which indeed help radiologist to read CEUS images accurately and to avoid misdiagnose due to some subjective biases[2, 5, 7, 8, 19].  

Little information is available about the role of CEUS in the diagnosis of HCC in non-cirrhotic liver. On CEUS, the enhancement pattern has no difference in comparison with that in cirrhotic liver. However, the lesions that should be differentiated might be different, especially for those appearing arterial hyper-enhancement and subsequent sustained enhancement. Under such circumstance, the lesions need to be differentiated include focal nodular hyperplasia, liver adenoma, and some small hemangioma. For the lesions that show arterial hyper-enhancement and subsequent washout, attention also should be paid to exclude liver metastasis and ICC, because the latter two lesions are often encountered in non-cirrhotic liver[29-32, 39, 40].  

DIAGNOSTIC WORK-UP FOR HCC BASED ON US AND CEUS
The diagnosis of HCC should be based on not only the imaging findings, but also clinical background such as liver cirrhosis or hepatitis. Recent studies show that alpha-fetoprotein determination lacks adequate sensitivity and speciﬁcity for effective surveillance and diagnosis[41, 42]. Thus, diagnosis of HCC should be based on imaging techniques and/or biopsy. The application of dynamic imaging criteria should be applied only to patients with cirrhosis of any etiology and to patients with chronic hepatitis B who may not have fully developed cirrhosis or have regressed cirrhosis[6]. In view of the updated AASLD guideline and the 2012 liver CEUS guideline, the diagnosis algorithm for HCC is suggested as following (Figure 1).
CEUS-GUIDED PERCUTANOUS BIOPSY AND THERAPY

Clinically, percutanous biopsy and therapy are commonly operated under the guidance of US or CT, whereas a part of HCCs in patients with cirrhotic livers or repeated treatment history usually cannot be figured out on unenhanced US[7, 13, 43]. Although CT-guided percutanous treatment is a well-established technique and a useful method for HCC lesions undetected by US, its inconvenience and radiation exposure have to be taken into account[13]. 

In order to get the definite pathologic diagnosis before therapy, US guided percutanenous biopsy has already been regarded as the preferred choice for cases that cannot show typical manifestations on imaging. CEUS prior to biopsy procedures can increase the diagnostic yield by 10% and decrease the false negative rate especially in large tumors with areas of necrosis. CEUS can localize the site for biopsy more accurately by demonstrating regions of vascularized viable tumor, which should be targeted, and regions of necrosis, which should be avoided[7, 44].

Local percutanous therapy, such as ethanol ablation (EA), radiofrequency ablation (RFA), microwave ablation (MWA) and cryotherapy, etc., is always the primary choice except surgical resection and liver transplantation in the management of HCC as a minimally invasive method, especially for small, recurrent, and residual HCC lesions after local ablation or Transcatheter Arterial Chemoembolization (TACE)[5]. Survival after ablation in Child-Pugh A patients is 50%-70% at 5 years, thus paralleling the outcome after surgical resection[2, 45, 46]. As a new guidance tool, CEUS represents a significant improvement in all steps of HCC percutanous therapy. Prior to the percutanous therapy, CEUS can be used to assess the HCC lesions size, number, margins and its relationship with the surrounding structures, which is helpful to make the best therapeutic strategy, to reduce the risk of the complications, and also for comparison of the patterns before and after treatment[7]. CEUS not only can accurately tell the location of HCC but also guide puncture in real time during arterial phase, or its sufficient long portal-venous and late phases. Moreover, UCA also can be administrated repeatedly to guide percutanous therapy at multisite or for multi-lesions[7, 8, 47]. 

TREATMENT RESPONSE EVALUATION AND FOLLOW-UP 

With respect to evaluating HCC treatment response, currently, the use of contrast enhanced imaging to detect the viable tumor or recurrent HCC is widely accepted[8, 47-49]. Previously, CECT or CEMRI has been regarded as the reference standard for treatment response evaluation after local therapies. Recently, several studies have proven that CEUS has the same ability to evaluate treatment response as CECT or CEMRI, thus CEUS can be performed as an alternative method to spare CECT or CEMRI for this purpose[8, 50-53]. CEUS, same to CECT or CEMRI, also follows the guideline of the modified Response Evaluation Criteria in Solid Tumor (mRECIST)[54]. In this guideline, viable HCC is defined as uptake of contrast agent in the arterial phase of CEUS; while complete response is defined as disappearance of any intratumoral arterial enhancement in HCC lesions[54]. In past decades, the assessment of HCC treatment response is mainly on the basis of change in tumor size (RECIST), but it disregards the extent of necrosis and seems unsuitable for TACE and some targeted therapies, such as Sorafenib or monoclonal antibodies, which anti-tumor effect mainly results from destroying the tumor blood vessel or suppressing angiogenesis, the change of microvascularization also is confirmed as the evaluation criterion of treatment response in mRECIST. Thus, on CEUS, the disappearance of intratumor arterial enhancement indicates internal necrosis after the treatment of HCC[54, 55].

It should be noted that the time point of treatment response evaluation by CEUS is not limited except for percutanous therapy. Because on CEUS the reactive hyperemia generated in the procedure of percutanous therapy, such as RFA, EA and MWA, will cover the ablated HCC lesions in several days, so the residual viable tumor may be missed. While within 2 wk after percutanous therapy, the reactive hyperemia around the ablated lesion is apt to be misdiagnosed as false positive residual HCC. For consideration of up-mentioned phenomena, some experts have recommended CEUS should be performed in a month after percutanous therapy. However, there is still controversy over the role of CEUS vs CECT in the treatment response evaluation of HCC after ablation, which is probably influenced by the individual opinion and familiarity with the techniques[16]. Frieser et al[56] concluded that CEUS is equal to CECT in evaluating treatment response; Gallotti et al[57] found that CEUS was excellent in evaluating treatment response after RFA, whereas it was inadequate for evaluating treatment response after EA. 

After treatment of HCC, the treatment response evaluation by contrast enhanced imaging in a month may fail to detect the tiny viable tumor tissue, especially when neoangiogenesis is not obvious. Therefore the follow-up aims to detect the progression of incomplete necrotic HCC and find the intrahepatic recurrence as early as possible, so that the patients can benefit timely from additional and effective therapy that will improve their survival, save the costs and reduce the side effects[15, 58, 59]. 

According to the previous study, compared with CECT after HCC ablation, the sensitivity, specificity, PPV, NPV and overall accuracy of follow-up CEUS in detecting local tumor progression (LTP) were 67.5%, 97.4%, 81.8%, 94.4% and 92.3%, respectively, and for detection of new intrahepatic recurrence were 77.7%, 92.0%, 92.4%, 76.7% and 84.0%, respectively[15, 16]. Thus CEUS is not comparable to CECT. Because, similar to surveillance, it is difficult to provide an overview of the liver to detect all the HCC progression and intrahepatic recurrence on CEUS even if reinjection of UCA is carried out[5, 7, 15, 16]. But when follow-up CECT or CEMRI are contraindicated or not inclusive, CEUS as a substitute or complementary method can be applied to assess the HCC progression and intrahepatic recurrence[7, 15]. 

Thus, for treatment response assessment of HCC, CEUS can be equal to CECT/CEMRI. And as a complement to CECT/CEMRI, CEUS may be used in follow-up protocols.

IO-CEUS

IO-CEUS is commonly used in the operation for detecting and locating HCC before resection and has attracted more attention of surgeon. Generally, CECT or CEMRI are considered as standard and basic imaging tools for preoperative staging and detection of metastasis or primary liver tumors. However, intraoperative ultrasound (IOUS) is increasingly used by most centers as several studies showed that up to 40% of malignant lesions are missed by the preoperative cross-sectional imaging[60, 61]. Even though the cross-sectional imaging techniques have continuously improved, IOUS was still able to detect additional liver lesions in 10% of patients[60]. The use and value of IO-CEUS during surgery was reported firstly by Leen et al[62] in 2006, and also showed even significantly better sensitivity in detecting liver metastasis of IO-CEUS compared to CECT, CEMRI and IOUS with an alteration of surgical management in almost 30% of cases[60, 62]. Recently, Loss et al[60] reported in their study more than 50% additional liver lesions were found on IO-CEUS compared to preoperative imaging and IOUS, furthermore IO-CEUS equipped with high frequency linear transducer, some liver lesions even smaller than 10 mm in diameter can be detected and characterized[60]. The improved sensitivity of IO-CEUS was also confirmed by other studies [63-65]. Though most of the up-mentioned studies were not specific to HCC, IO-CEUS remains to be of potential value. It is now recognized that the more aggressive the surgical approach adopted, the higher the impact of IO-CEUS becomes[7, 62].

In conclusion, despite CEUS is subject to the same limitation as baseline US and is inferior to CECT/CEMRI in some aspects, CEUS is proved to be of great values in management of HCC with inherent advantages, such as sufficient high safety profile suitable for the patients with renal failure or allergic to iodine, absence of radiation, easy repeatabiblity and high temporal resolution. The tremendous application and advance of CEUS regarding diagnosis and treatment of HCC provides more opportunity for the patient on each stage of HCC. 
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Figure 1 He diagnosis algorithm for hepatocellular carcinoma. FLL: focal liver lesion; US: Ultrasound; RN: Regenerative nodule; DN: Dysplastic nodule; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; met: Metastasis; E: Enhancement.
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