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Abstract
Hepatocellular carcinoma is the major cancer-related death worldwide, and the 
prognosis is grim. Therefore, there is an urgent need of detection at early stage, 
effective treatment options, and prevention of recurrence. Recently, liquid biop-
sies, such as circulating tumor cells, circulating tumor DNA, and microRNA, 
have accumulating evidence that is useful for these needs.

In this review, we summarize the current advance of liquid biopsies and dis-
cuss the perspective.
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8.1  Introduction

Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related 
death, and its incidence has been increasing worldwide [1]. In Japan, HCC is the 
fifth most common cause of cancer-related death [2]. Due to advances in medical 
technology, mainly in the field of imaging, the rate of early detection of HCC has 
been increasing, and the emergence of molecularly targeted therapies has enabled 
HCC patients to receive systemic chemotherapy [3]. However, in many patients, 
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the cancer is still detected in the intermediate or advanced stages, and these 
patients cannot receive curative treatments such as resection or radio frequency 
ablation. Even after curative treatments, the recurrence rate is high due to the 
existing liver damage [4].

For advanced cases, systemic chemotherapies have been the main treatment 
option. Currently, three molecularly targeted anticancer drugs—sorafenib [5], rego-
rafenib [6], and lenvatinib [7]—are available for advanced HCC. However, due to 
the lack of a biomarker that can aid decision-making regarding which drug to use, 
these three drugs are generally used according to the physician’s choice in daily 
practice.

To help physicians choose the appropriate drug, liquid biopsies have already 
shown promising applications in clinical settings for some cancers, including 
colorectal cancer [8], breast cancer [9], and lung cancer [10]. These biopsies, 
which can be performed on blood or body fluids, provide genetic and epigenetic 
information and can be performed repeatedly with low invasiveness. Also, they 
provide real-time information about cancer status. In this paper, we review liquid 
biopsies, focusing particularly on blood-based circulating tumor cells (CTCs), 
circulating tumor DNA (ctDNA), and microRNAs (miRNAs) from blood sam-
ples in HCC cases (Fig.  8.1). We also discuss current perspectives on these 
procedures.

Blood vesselTumor tissue

Secretion, Apoptosis, Necrosis
Circulating tumor cells

Tumor cells

Circulating tumor DNA

MicroRNA

Fig. 8.1 Circulating tumor cell, circulating tumor DNA, and microRNA as liquid biopsy
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8.1.1  Circulating Tumor Cells

The path to tumor metastasis mainly begins with tumor cells in systemic circulation 
[11]. CTCs originate from a primary organ and reach distant metastatic sites with-
out being blocked by a barrier system; the idea for how this occurs was originally 
based on the “seed and soil” theory [12]. CTCs play an important role in diagnosis, 
because finding them helps in the early detection of cancer, and CTC analysis offers 
valuable information including DNA, RNA, and protein levels. This is because 
CTCs reflect the real status of the cancer, unlike tissue biopsies, which are collected 
before treatment.

Various techniques for liquid biopsies have been developed, mainly divided into 
either physical or biological methods. Recently, biological methods using antibody- 
based enrichment techniques have been developed. In particular, CellSearch, which 
can detect the epithelial cell adhesion molecule (EpCAM), was approved by the 
Food and Drug Administration in the USA (Fig. 8.2) [13]. This system consists of a 
CellPrep system, a CellSearch epithelial cell kit, and a CellSpotter analyzer. It 
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Fig. 8.2 CellSearch system technology. CTC circulating tumor cell, EpCAM epithelial cell adhe-
sion molecule, CK cytokeratin
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enumerates CTCs of epithelial origin in whole blood using antibodies that bind to 
cytokeratins 8, 18, and 19, an antibody to CD45 conjugated to allophycocyanin, and 
the nuclear dye 4′,6-diamidino-2-phenylindole (DAPI). A meta-analysis with 998 
HCC subjects including advanced cases showed a pooled sensitivity of CTC detec-
tion of 67% at a pooled specificity of 98% [14].

One limitation of early detection is poor sensitivity; with current techniques, it is 
difficult to detect a sufficient number of tumor cells with a high sensitivity and 
specificity, especially in early stages [15]. In addition, the epithelial-mesenchymal 
transition (EMT) is an important event that occurs when tumors shed into metasta-
sis, and the EMT may disrupt epithelial cells and EpCAM expression [16]. In fact, 
only 35% of HCC-derived CTCs express EpCAM [17]. To overcome these chal-
lenges, new innovations are needed to detect higher numbers of CTCs and greater 
amounts of specific antibodies in addition to EpCAM.

8.1.2  Circulating Tumor DNA

Circulating tumor DNA (ctDNA) consists of extracellular nucleic acid fragments 
that flow into the plasma from tumor cells [18]. The mechanism of DNA shedding 
involves necrosis, apoptosis, and secretion by tumor cells. The concentration of 
ctDNA in a healthy individual is 1–10 ng/ml, and cancer patients have a higher 
amount [19]. Tumor-derived DNA fragments are shorter than non-tumor-derived 
DNA fragments, and after curative treatment, cell-free DNA (tumor- plus non- 
tumor- derived DNA) integrity increases and returns to normal levels [20]. This sug-
gests that DNA integrity may be a potential predictive marker for the diagnosis, 
treatment, and monitoring of HCC. Compared to CTCs, the fraction of ctDNA can 
be more easily detected [21], and ctDNA shows the total heterogeneity of all the 
tumors and thus reflects the total tumor status.

Recent studies have focused not only on quantitative analysis but also on 
aberrations and methylation of DNA. The utility of analyzing ctDNA by next-
generation sequencing (NGS) has been increasing. In addition, recent whole-
genome sequencing showed the presence of somatic mutation of TERT promoter, 
the WNT/beta- catenin pathway, the PI3K-AKT-mTOR pathway, the MAPK-
pathway in patients with HCC [22]. Ikeda et al. analyzed 32 ctDNA fragments 
in 26 HCC patients and detected 100% genetic alteration and serial ctDNA 
emergence of a new gene alteration [23]. Although the ctDNA demonstrated 
excellent sensitivity and specificity, the detection rate was strongly affected by 
the tumor burden and tumor type, namely, a rate of somatic mutation is 15–56% 
for operable cases; on the other hand, in advanced stages, the ctDNA detection 
rate rose to 74–88% [24]. Recently, Cai et  al. analyzed 574 genes from the 
ctDNA of 4 HCC patients; 96.9% of these patients’ tissue mutations could also 
be detected in plasma samples [25]. The authors concluded that ctDNA could 
overcome the issue of tumor heterogeneity and track therapeutic responses in 
real time.
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It is well known that methylation is a common epigenetic regulation mechanism 
and that the methylation of suppressor genes has been connected with carcinogen-
esis. Thanks to the development of NGS techniques, methylation can aid in the 
diagnosis of HCC [26].

Xu et  al. have developed HCC-specific methylation marker panels comparing 
HCC tissue and peripheral blood mononuclear cell methylation as high as 1000 
cases [27]. Compared to normal controls, this model achieved 85.7% sensitivity and 
94.3% specificity. The main limitation of this method is the low detection rate in 
early stages, as mentioned above.

8.1.3  MicroRNAs

miRNAs are small, noncoding, interfering RNAs that are 21–30 nucleotides long; 
they play a crucial role in cellular processes and carcinogenesis [28]. Namely, the 
upregulation of miRNAs inhibits tumor suppressor genes, and the downregulation 
of miRNAs inhibits oncogenes. A total of over 2300 miRNAs have been identified. 
Recent studies have shown that miRNAs are associated with pathogenesis of 
 cancers and not only genetic but also epigenetic modification of carcinogenesis 
[29, 30].

miRNAs have two ways of expanding into the bloodstream. One is secretion 
through cell death by apoptosis and necrosis, and the other is release in a package 
into a small membrane vehicle called an exosome. In the plasma, the miRNA binds 
to particular proteins such as Argonaute 2 and high-density lipoproteins and escapes 
RNase [31]. Cancer cells secrete exosomes with miRNAs to assist their invasion or 
metastasis.

Among miRNA groups, certain specific miRNAs are associated with HCC prog-
nosis. In the liver, some miRNAs are associated with HBV and HCV infection and 
liver fibrosis. For example, the expression of miR-34 has been shown to be increased 
in patients with hepatic fibrosis, HCV, alcoholic disease, and NAFLDS, in addition 
to HCC [32].

Li et al. first demonstrated that miRNA expression profiles could be useful bio-
markers for distinguishing between HCC with no HBV infection and HBV-positive 
HCC [33]. Zhou et al. identified using seven miRNAs and improved the diagnostic 
accuracy of HCC [34]. More recently, Lin et al. analyzed over 300 HCC and non- 
HCC patients and identified 7 different miRNAs (miR-29a, miR-29c, miR-133a, 
miR-143, miR-145, miR-192, and miR-505) with higher sensitivity than AFP and a 
similar specificity [35]. Based on these data, in China, this system has been approved 
for clinical use and is now widely available.

Regarding recurrence, miR122, miR26a, and miR29a may be predictive markers 
for recurrence [36]. If the quantity of these miRNAs with tumor markers can be 
monitored, effective treatment can be possible. The limitation of miRNAs is their 
diagnostic accuracy. The measurement methods used are quantitative RT-PCR, 
microarray, and NGS, and it is difficult to compare among these methods.
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8.2  Perspective

Compared to their use in other malignancies such as lung cancer, breast cancer, and 
colon cancer, the advance of liquid biopsies in the field of HCC has been slow. One 
reason is the typical HCC problem of background liver damage. Most HCCs occur 
in the damaged liver due to HBV, HCV, and nonalcoholic steatohepatitis, and the 
difference in etiology may affect the results of mutation or the quantitative amount 
of CTCs, ctDNA, and miRNA. In addition, when comparing HCC data with con-
trols, the controls depend on the background of the liver, and careful attention is 
needed to interpret the results.

Recently, a blood test called CancerSEEK, which uses protein biomarkers and 
somatic mutations for the early detection of HCC and seven other cancers, has 
shown promising results (Fig.  8.3) [37]. Surprisingly, the overall sensitivity and 
specificity are 98% and 99%, respectively, and the sensitivity for HCC is highest 
among stage I cancer cases. In addition, the plasma from all HCC cases has been 
shown to have at least one mutation in 16 genes including TERT, TP53, and PIK3CA. 
These results suggest that the detection rate of HCC, which is expected to have low 
sensitivity and specificity of detection due to background liver damage, can be made 
high by combining a protein marker with genetic alteration. However, although 
healthy individuals were chosen as the controls, the control panels were affected by 
inflammation and cirrhosis. The CancerSEEK method is also attractive in terms of 
its low cost. The research teams have tried to keep the cost below $500 per sample. 
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Fig. 8.3 CancerSEEK system
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If this is possible, the era of precision medicine, in terms of not only sensitivity and 
specificity but also low cost, will soon arrive.

For a decade, clinical trials have been conducted on new, effective molecu-
larly targeted drugs. In addition to “all comer” clinical trials, some trials have 
focused on somatic mutations. If these mutations can be identified by CTCs or 
ctDNA, then suitable drugs against cancer can be found. For example, a copy 
number gain for FGF19 and FGF/FGF4 amplification is a predictive marker for 
sorafenib response [38, 39]. In non-small-cell lung cancer, the use of the EGFR 
mutation in liquid biopsies is now widely available. If such changes can be 
found before systemic chemotherapy, HCC patients are expected to achieve a 
good response.

Nowadays, clinical trials using immune checkpoint inhibitors are being widely 
conducted, including for HCC.  In the USA, the PD-1 antibody nivolumab was 
approved for sorafenib-failed advanced HCC [40]. In non-small-cell lung cancer, 
PD-1 expression in over 50% of tumor cells was correlated with the improved effi-
cacy of pembrolizumab [41]. Whether the amount of PD-1 expression is also a 
predictive marker in HCC is controversial; however, the amount of quantitative 
change in expression may be a predictive marker for efficacy in patients with HCC 
receiving immune checkpoint blockers.

In conclusion, we review liquid biopsies in patients with HCC. Liquid biopsies 
are useful as diagnostic, therapeutic, prognostic factors and will play a crucial role 
of the new era of precision medicine.
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