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Abstract
Purpose We summarized the recent findings of liquid biopsy
in cancer field and discussed its potential utility in hepatocel-
lular carcinoma.
Methods Literature published in MEDLINE, EMBASE, and
Science Direct electronic databases was searched and
reviewed.
Results Liquid biopsy specially referred to the detection of
nucleic acids (circulating cell-free DNA, cfDNA) and circu-
lating tumor cells (CTCs) in the blood of cancer patients.
Compared to conventional single-site sampling or biopsy
method, liquid biopsy had the advantages such as non-inva-
siveness, dynamic monitoring, and the most important of all,
overcoming the limit of spatial and temporal heterogeneity.
The genomic information of cancer could be profiled by
genotyping cfDNA/CTC and subsequently applied to make
molecular classification, targeted therapy guidance, and unveil
drug resistance mechanisms. The serial sampling feature of
liquid biopsy made it possible to monitor treatment response
in a real-time manner and predict tumor metastasis/recurrence
in advance.
Conclusions Liquid biopsy is a non-invasive, dynamic, and
informative sampling method with important clinical transla-
tional significance in cancer research and practice. Muchwork
needs to be done before it is used in the management of HCC.

Keywords Next-generation sequencing . Hepatocellular
carcinoma . Genetic aberrations . Liquid biopsy

Introduction

Technological advancements in the past decade have greatly
enriched our knowledge of cancer genomics. The diagnostic
and therapeutic significance of genetic aberrations that initiate
tumorigenesis and promote disease progression has been in-
creasingly recognized, and as the cost of next-generation se-
quencing (NGS) falls and its accuracy improves, genomic
information has become a powerful tool for aiding clinicians
in the management of malignancies [1]. However, the limita-
tions of traditional sampling/biopsy modalities, such as their
invasiveness and inability to account for tumor heterogeneity,
have curtailed the utility of genetic tools for cancer manage-
ment. Therefore, some researchers have advocated for liquid
biopsy, a novel sampling approach that has wide clinical util-
ity [2]. Herein, we will focus on the concept, implementation,
and application of liquid biopsy in cancer research and will
discuss the current status and future prospects of liquid biopsy
in hepatocellular carcinoma (HCC) in detail.

The Concept of Liquid Biopsy and Rationale
for its Use in Cancer Management

Liquid biopsy is a modality that samples bodily fluids instead
of solid tissue for pathophysiological or sequencing analysis;
it has been introduced in the fields of prenatal testing, trans-
plantation rejection, diabetes mellitus, and cancer research.
Generally, any bodily fluids, including blood, urine, sputum,
pleural effusion, ascites, and cerebrospinal fluid, can be used
as potential samples for liquid biopsy. A blood sample is most
frequently used because of several advantages, including
availability, its representation of whole-body condition, non-
invasiveness, and the opportunity to repeatedly sample it for
dynamic evaluation of health/disease status. Once blood is
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drawn, cells, proteins, molecules, nucleic acids, and vesicles
can be isolated and utilized by different analytical approaches
to gather as much information as possible to make an early
diagnosis, evaluate treatment response, and/or monitor disease
progression. Currently, tumor-derived cells and DNA in the
blood, namely circulating tumor cells (CTCs) and circulating
tumor DNA (ctDNA), are the markers most widely sought in
liquid biopsy for cancer research.

Surgery, being the most probable therapy to achieve cura-
tive effect, has reached its peak in improving the survival of
patients with resectable tumors and postoperative recurrence
and/or metastases aggravate such conditions. For patients with
unresectable solid tumors and hematological malignancies,
chemo-radiotherapy and targeted agents are commonly pre-
scribed. Since the identification of mutations responsible for
tumor initiation, genotype-based treatments, such as EGFR
and BRAF kinase inhibitors, have become the focus of
targeted therapeutic strategies. Thus, uncovering the genetic
background of disease to tailor personalized drugs and treat-
ments in real-time can improve the clinical outcomes of cancer
patients.

Traditionally, genomic information is obtained by sequenc-
ing tumor tissue that has been either surgically resected or
biopsied. However, this method has some intrinsic limits.
First, for patients with unresectable metastatic diseases, tumor
tissue is unavailable; though biopsy might be conducted in
some of these patients, it is not without complications and
has weaknesses. The biopsy procedure is painful and bears
the risk of bleeding and iatrogenic tumor inoculation; further-
more, in cases where tumors are located deep inside the body
and/or close to important blood vessels, biopsy is anatomical-
ly challenging and highly risky. Should a biopsy fail, repeated
sampling aggravates these situations. Most importantly, tumor
sampling and biopsy are both confined to regional sites within
a tumor and are thus easily subject to selection bias resulting
from tumor heterogeneity.

Morphological tumor heterogeneity has long been recog-
nized, but only recently have researchers begun to realize the
importance of genetic heterogeneity, which in turn consists of
spatial and temporal heterogeneity. Spatial heterogeneity
(intratumor heterogeneity, ITH) is caused by subclonal cellu-
lar populations harboring heterogeneous genetic, epigenetic,
and phenotypic features among different regions of a tumor or
between the primary and metastatic sites. ITH has been report-
ed in a variety of cancers, including renal cancer [3, 4], breast
cancer [5], lung cancer [6, 7], glioma [8], ovarian cancer [9],
HCC [10], and hematological malignancies [11–13]. The
common observation that only some oncogenetic mutations
are shared by all cellular populations within a tumor [14] has
led the medical community to question the use of biopsy,
which can be likened to a snapshot of the whole tumor or a
pathological slide that is only a cross-sectional image.
Additionally, the differences in genetic backgrounds between

primary and metastatic lesions make it less effective to use
mutational profiles of primary tumors to guide targeted thera-
py for metastasis.

Temporal heterogeneity confers even greater difficulties for
solid tumor biopsy because the changes in a tumor’s genome
over time cannot be detected by a single test. The development
of cancer can be compared to the evolution of species: somatic
mutations that occur as early events during tumorigenesis tend
to propagate in many or all clones, whereas later mutations
exist only in some clones, thus forming heterogeneous popu-
lations within tumor lesions. As time goes on, the initiation of
treatment (selective pressure), ITH in the tumor microenviron-
ment, the emergence of drug-resistant subclones, selection of
rare mutants by treatment, and the seeding of metastatic cells
from subclones collectively contribute to the hierarchical tu-
mor model [15], which is characterized by different genetic
backgrounds at different times. Thus, a tumor genome in the
later course of the disease might differ significantly from its
initial status, and this difference cannot be recognized unless
serial sampling is performed. However, repeated biopsy is
rarely feasible, and without knowledge of genetic changes,
the complete personalization of treatment and targeted therapy
is impossible.

Liquid biopsy, conversely, is a non-invasive, dynamic
means of capturing spatial and temporal tumor heterogeneity
in a wide range of cancer types. For metastatic cancers, in-
creasing evidence demonstrates that distant metastases harbor
genomic aberrations different from those of the primary tu-
mor, and that such aberrations might provide specific infor-
mation for systemic or targeted therapy [16]. Moreover, recent
work has demonstrated that different metastatic sites harbor
different genomic aberrations, and biopsy of one or two ac-
cessible metastases may not be representative of every mutant
profile [17]. Thus, liquid biopsy surveillance for ctDNA has
been proposed as an alternative to metastasis biopsy for non-
invasive genotyping across all tumor types [18] and dynamic
sequencing of ctDNA suggests that it could be a novel, non-
invasive cancer biomarker [19]. Indeed, sequencing liquid bi-
opsies of plasma provides information comparable with that
of metastatic biopsies [20], and, in non-small-cell lung carci-
noma (NSCLC) patients, rare EGFR mutants absent in tumor
samples can be detected in plasma [21]. The applications of
liquid biopsy in clinical research and practice will be
discussed thoroughly in a later part of this chapter.

Biomarkers Measured by Liquid Biopsy

CTCs

CTCs are rare tumor cells shed from either the primary or
metastatic tumor that circulates in the blood of cancer patients.
The CTC research has flourished over the past decade,
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spanning fields including CTC capture, development of tech-
nology for characterization and isolation, identification of its
prognostic significance for disease surveillance, and evalua-
tion of treatment response and therapy choices [22]. CTCs
have been detected in different cancers; the number of CTCs
varies among malignancies but correlates significantly with
tumor characteristics, patient prognosis, and disease progres-
sion [23]. More recently, the isolation of CTCs has become an
alternative sampling method because these cells are shed ran-
domly from multiple sites within primary and/or metastatic
lesions and could, therefore, better represent tumor heteroge-
neity than any single tumor biopsy, providing additional op-
portunities to monitor therapeutic efficacy and predict meta-
static potential [24]. The molecular analysis of CTCs, espe-
cially the genomic profiling of single CTCs, could provide
information on the mutational landscape and clonal domi-
nance, which might benefit patients in the form of targeted
drugs. Moreover, longitudinal studies of clonal changes in
mutant status during chemo- or targeted therapy that succes-
sively genotype CTCs demonstrate the utility of CTCs for
monitoring the treatment response and discovering drug resis-
tance mechanisms [25, 26].

Circulating Cell-Free Nucleic Acids

Circulating cell-free nucleic acids include circulating cell-free
DNA (cfDNA) and microRNA (miRNA). The existence of
cfDNA in bodily fluids, such as blood, urine, and cerebrospi-
nal fluid, has long been recognized. cfDNA can readily be
quantified and correlates with health status: patients with ma-
lignancies tend to have higher levels of cfDNA than normal
individuals, and concentration of cfDNA is positively associ-
ated with tumor burden, suggesting the potential use of
cfDNA concentration as a biomarker [27–29]. The size distri-
bution of cfDNA also varies accordingly: due to more DNAs
originated from apoptotic and necrotic cells, cfDNA mole-
cules from cancer patients are often damaged and therefore
much shorter than those of healthy patients or those with be-
nign diseases, indicating that, with proper cutoff value, it is
possible to use cfDNA length to identify malignancies [30].
Recently, extensive researches have focused on ctDNA.
ctDNA belongs to cfDNAs and they differ in that while
cfDNA contains copies released by normal cells,
ctDNAs are DNA fragments originated only from tumor
cells and could be detected by tumor-specific mutants
[31]. ctDNA is currently gaining extensive attention
[32] and has demonstrated itself useful as liquid biopsy
in the early detection, surveillance, and personalized
treatment of cancer [33].

Since the discovery of circulating cell-free miRNA, its use
in liquid biopsy has received wide research interest. Although
the precise origin of circulating miRNA remains incompletely
understood, a number of studies have explored its practical

utility, and these studies suggest the possibility of using circu-
lating miRNA to detect cancers. The expression pattern of
circulating miRNA differs between cancerous and normal
cells, as well as among tumor types. Specific panels consisting
of different miRNA combinations can be used as alternative
diagnostic tools in a variety of cancers, such as breast cancer
[34], NSCLC [35], and colorectal cancer (CRC) [36].
Furthermore, the concentration of circulating miRNAs in can-
cer patients can be calculated according to stable endogenous
control of the miRNA miR-1228 [37], the close correlation
between the concentration of circulating miRNA and tumor
status enables non-invasive and dynamic monitoring of
disease progression [38], and clinical outcomes can be
predicted by circulating miRNA [39]. Thus, miRNA is a
promising diagnostic tool, and further research on the
mechanism of its release into bodily fluids will eluci-
date cancer biology.

Exosomes and Microvesicles

Extracellular vesicles (EVs) are vesicles widely present in
bodily fluids. Exosomes are membrane-enclosed EVs formed
during the inward budding of late endosomes that are subse-
quently released through exocytosis. Upon release, exosomes
enter circulation and can be detected based on vesicular con-
tents such as nucleic acids, enzymes, cytokines, and various
soluble factors expressed during different pathophysiological
statuses. Research on the use of a panel of several proteins
and/or miRNAs to identify cancer cell-derived exosomes for
diagnosis of different cancers indicates that the identification
of exosomes and exosomal contents is a feasible and effica-
cious tool [40]. The similarity in gene expression between
miRNA from circulating exosomes and lung tumor tissue sug-
gests that circulating exosomes might be a useful means of
detecting lung cancers [41]. Exosomal miRNA panels have
also been reported for early diagnosis of other malig-
nancies including acute myeloid leukemia [42], CRC
[43], glioma [44], thyroid cancer [45], and esophageal
adenocarcinoma [46]. Tumor-associated proteins may be
enriched in tumor-derived exosomes, making it a precise
biomarker for cancer detection [47]. Urinary exosomes
differentially express proteins in bladder cancer patients,
and a panel combining transmembrane protein 256 and
late endosomal/lysosomaladaptor MAPK and MTOR ac-
tivator 1 (LAMTOR1) reaches a detection sensitivity of
100 % [48]. In addition, exosomes have also been used
for prognosis prediction [47, 49] and progression sur-
veillance [44]. Unpublished data from our research
group indicate that exosome may be a useful drug-
delivery tool for liver cancer treatment: autologous
exosomes assembled with synthetic small interfering
RNA (siRNA) could inhibit the growth and metastasis
of HCC in vivo and in vitro.
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Technological Advances in Liquid Biopsy

The biomarkers for liquid biopsy are generally present in low
levels, which cause the majority of them to be overwhelmed
by normal physiological background noise. Indeed, CTCs are
estimated to occur once among every 107 white blood cells,
and the majority of cfDNA is released by normal blood cells
without mutations, resulting in ctDNA prevalence as low as
0.1 % of all cfDNA. Furthermore, miRNAs and exosomes
originate from both normal and malignant cells. Thus, effec-
tive separation and enrichment methods with high specificity
and practicability are of primary importance in liquid biopsy.

Isolation of CTCs

CTCs are admixed with billions of blood cells; this extreme
rarity is the key technical challenge in the research on their
implementation as biomarkers. Avast array of technology has
been developed to isolate CTCs, mostly by jointly using the
principles of enrichment and detection. Because controversy
exists around the numbers, molecular and biological proper-
ties, and significance of CTCs in the natural history of cancer,
no gold standard has yet been established to measure the effi-
ciency of different approaches in isolating CTCs.

However, immunomagnetic capture is a successful and
widely-accepted CTC enrichment approach. Based on the hy-
pothesis that CTCs express tumor-specific cell surface
markers and morphological characteristics but lack leukocyte
marker CD45, the CellSearch system (Janssen Diagnostics),
the only Food and Drug Administration-approved CTC de-
vice, uses ferrofluids loaded with an epithelial cell adhesion
molecule (EpCAM) antibody to capture and define CTCs
[50]. This platform has undergone a full validation for repro-
ducibility and performance characteristics in large-scale mul-
ticenter trials and is currently used for prognostics in breast,
prostate, and CRC [51]. Other enrichment tools include the
CTC-iChip, Herringbone chip, MagSweeper, and IsoFlux
[52]. The CTC-iChip, which captures viable CTCs not by cell
surface markers but by simply removing the blood compo-
nents, appears to have the broadest applications for cancer
patients [53]. Considering that the morphology and marker
signature of CTCs might change upon release into circulation,
technology platforms that use marker-independent enrichment
methods have received increasing attention. For example,
physical properties of CTCs, namely the difference in buoyant
density relative to red blood cells and larger size than leuko-
cytes, have been exploited to isolate CTCs using gradient
centrifugation and filtration-based approaches [54, 55].
Additional innovative approaches include quantitative real-
time PCR (qRT-PCR)-based platforms [56], fiber-optic array
scanning technology [57], microfluidic technology [58], etc.
Because wild-type DNA and RNA from leukocytes isolated
during CTC enrichment represent a significant technical

hurdle for the molecular profiling of rare cells, novel methods
such as the DEPArray (Silicon Biosystems) employ physical
micromanipulation to trap and move single or groups of CTCs
into a separate container for further analysis [59].

Extraction and Pre-Analytical Procedures of Circulating
Nucleic Acids and Vesicles

Cell-free nucleic acids and exosomes circulate in blood at low
levels, necessitating the standardization of extraction proce-
dures. Plasma is a better source for cfDNA than serum be-
cause contamination from blood cells during the clotting pro-
cess in serum can increase the background noise of wild-type
DNA and lower the detection positivity of ctDNA. Similarly,
the intercellular miRNA trafficking during the coagulation
process also leads to large differences in circulating miRNA
profiles between serum and plasma. Although the impact of
the coagulation process on cell-free miRNAs is unknown,
serum is currently more commonly used for cell-free
miRNA and vesicle research [60].

The pre-analytical procedures also significantly influence
the performance of these plasma-based biomarkers [61, 62],
including time between blood sampling and isolation proce-
dure, centrifugation conditions, time between plasma cryo-
preservation and extraction, and kits or methods used for ex-
traction. Variation among quantification methods, including
spectrophotometric methods, fluorescent dyes, or quantitative
PCR-based methods, also affects the performance of nucleic
acids and vesicles as biomarkers due to different measurement
ranges and operating principles. This variation makes results
difficult to compare across studies. Moreover, little is known
about the origins, release, and degradation of nucleic acids and
exosomes. Thus, their utility for liquid biopsy is complicated
by potential bias from confounding events, such as nonmalig-
nant diseases, inflammation, heavy smoking, pregnancy, ex-
ercise, and blood volume.

NGS

The development of NGS technology has illuminated the in-
terpretation of cancer genomes and, more recently, accelerated
the implementation of liquid biopsy. Although traditional
Sanger sequencing is not suitable for liquid biopsy due to its
low mutation detection threshold and throughput, the se-
quencing of whole genomes, whole exomes, or targeted re-
gions using deep sequencing of plasma DNA has identified
mutations from cfDNA that represent those of tumor tissues.
Although whole genome and whole exome sequencing could
provide more comprehensive information regarding the mu-
tant status of ctDNA, targeted region deep sequencing, which
focuses on a fewer gene loci with ultra-deep sequencing, has
gained popularity. The sequencing region can be customized
according to sequencing purpose, cancer types, costs, and
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turnaround time [63, 64]. Single-cell sequencing of CTCs
with NGS is now increasingly performed, which allows rapid,
sensitive, and non-invasive assessment of tumor genotype in
CRC [65], NSCLC [66], and breast cancer [67] patients.

Digital PCR (dPCR)

The concept of absolute quantification of nucleic acids at the
single-molecule level was first introduced in 1992 by Sykes
et al. [68] forming the basic principle of dPCR: templates are
diluted and distributed into individual reactions so that only
one target molecule per reaction partition is examined.
Although this is a theoretical goal, in practice, some partitions
could contain more than one template, requiring Poisson sta-
tistics to correct the distortion [69]. Compared to qRT-PCR,
dPCR does not rely on external calibrants, has a higher toler-
ance for enzyme-inhibiting substances, and has significantly
higher sensitivity [70]. Compartmentalization of templates re-
duces noise from background DNA, thus offering superior
precision and reproducibility to qPCR. Furthermore, the de-
velopment of multiplex dPCR enables the simultaneous de-
tection of several targets in one reaction, which is useful when
limited samples are available. dPCR has wide applicability in
the liquid biopsy of cancer, especially in combination with
circulating nucleic acids: it permits the detection of rare mu-
tations within ctDNA to guide targeted therapy, absolute
quantification of copy number variations to predict disease
progression, measurement of changes in gene expression
to diagnosis of cancer early, and assessment of methyl-
ation status to identify epigenetic dysregulation during
carcinogenesis [71].

Clinical Utility of Liquid Biopsy

An Alternative to Traditional Sampling Methods

Although the standard currently used for profiling cancer ge-
nomes is the sequencing of tumor tissues, obtaining this tissue
can be difficult or impossible, especially in cases of metastatic
cancers, because the genomics of primary tumors and metas-
tases are not always concordant. Even if a tumor can be
biopsied, some inherent limitations are inevitable: a tissue
sample only represents a single snapshot in time and is sub-
jected to spatial selection bias of ITH. Moreover, chemother-
apeutic agents and targeted drugs, acting as selective pres-
sures, alter and complicate the molecular landscape during
treatment [72]. We know a little of these dynamics because
repeated sampling is impossible, and, thus, we cannot accu-
rately monitor disease progression and treatment response.
Ultimately, the absence of available tumor tissues and the
resulting lack of mutant information can lead to targeted treat-
ment failure.

Fortunately, liquid biopsy can solve these issues inherent to
solid tumor biopsy, including spatial and temporal heteroge-
neity. For example, in a metastatic melanoma patient, who
was ineligible for BRAF inhibitor-based therapy because no
viable tumor cells from a biopsy could be found for mutation
testing [73], examination of ctDNA detected a BRAF V600E
mutation. Such findings buttress the notion that directly inves-
tigating plasma, instead of the primary tumor, can identify
actionable mutations. For patients with pancreatic and biliary
carcinomas, personalized treatment options are few, in part
because adequate biopsies cannot be obtained for molecular
characterization. In this setting, cfDNA sequencing reliably
and accurately detects tumor-derived mutations with 97.7 %
diagnostic accuracy, 92.3 % sensitivity, and 100 % specificity
[74]. In CRC patients, liquid biopsy has the potential to re-
place tumor sampling; analysis of plasma DNA identified mu-
tations that were not detected in matched tumor tissue, indi-
cating that ctDNA can more comprehensively capture intra-
patient disease heterogeneity [75]. Similarly, among NSCLC
patients whose tumor tissues were EGFR-negative, cfDNA
samples indicated EGFR mutations that made them eligible
for TKI treatment [76].

Circulating miRNAs are another non-invasive sampling
tool that can be used in lieu of biopsied tissues. Indeed, re-
duced or increased levels of circulating miRNAs have been
reported in cancers, and combinations of specific miRNAs
have differential significance [77]. Combining several
miRNAs in a panel can effectively distinguish colitis-
associated cancer from ulcerative colitis [78] and a targeted
miRNAs panel (miR-19a, −98, −146b, −186, −191, −222,
−331-5p, −452, −625, −664, and −1247) shows significant
expression differences among normal patients versus those
with polyps or cancer [36]. miRNA panels are also superior
to carcinoembryonic antigen (CEA) and carbohydrate antigen
19–9 (CA19-9) for the diagnosis of early-stage CRC [79].
Similar findings using circulating miRNA panels as tools for
early disease diagnosis have also been reported in other ma-
lignancies, such as breast cancer [28], gastric cancer [80],
pancreatic cancer [81], and lung cancer [82]. We have previ-
ously identified a microRNA panel (miR-122, miR-192, miR-
21, miR-223, miR-26a, miR-27a, and miR-801) with high
diagnostic accuracy for HCC; this panel could differentiate
HCC from healthy patients, those with chronic hepatitis B
and those with cirrhosis [83].

Early Detection and Prediction of Tumor Progression

Compared to traditional imaging and serum-based bio-
markers, liquid biopsy shows higher sensitivity in the early
detection of tumor progression. ctDNA-based detection pre-
ceded the clinical detection of metastasis in 86 % of patients,
with an average lead time of 11 months. A recent study re-
vealed that detection of glypican-1 positive exosomes non-
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invasively identifies late-stage pancreatic cancer with 100 %
sensitivity and distinguishes patients with precancerous pan-
creatic lesions from those with benign pancreatic diseases
[47]. For malignancies such as gastric cancer, effective mo-
dalities for disease progression surveillance are rare: serolog-
ical biomarkers, such as CA19-9 and CEA, are not sensitive,
and CT has difficulty detecting minimal residual disease and
peritoneal dissemination, the latter of which is the most fre-
quent recurrent pattern in gastric cancer. However, Hamakawa
et al. found that concentrations of ctDNA decrease after sur-
gical resection and correlate with the disease status of gastric
cancer patients, suggesting the utility of this approach for de-
tection of residual disease and monitoring for recurrence [84].
Similarly, diffuse large B-cell lymphoma, though curable, re-
sults in poor outcomes upon treatment failure, but imaging-
based surveillance is imprecise and radiation exposure is po-
tentially risky. ctDNA can identify patients’ risk of recurrence
at a median of 3–5 months before clinical disease is evident,
which enhances the likelihood of reducing disease burden
through chemotherapy and improving survival [85].
Similarly, the detection of ctDNA by liquid biopsy in pancre-
atic cancer patients after curative resection predicts recurrence
6.5 months earlier than CT imaging [86]; in metastatic CRC
(mCRC) treated by chemotherapy, a reduction in circulating
ctDNA precedes tumor shrinkage visible by CT imaging,
which indicates the utility of ctDNA as a biomarker to evalu-
ate the treatment response in a timely fashion in order to make
therapeutic decisions [87].

Unveiling DrugResistance andGuiding Treatment Choice

For advanced diseases, chemotherapy and targeted monoclo-
nal antibodies or inhibitors are commonly used as first-line
treatment; however, drug resistance often occurs, leading to
treatment failure. The mechanisms of oncological drug resis-
tance are largely unknown because repeated biopsies to study
genomic evolution following therapy are difficult, invasive,
and limited by heterogeneity. However, liquid biopsy provides
some information that solid tumor tissue cannot. In NSCLC
patients harboring activating somatic mutations in EGFR,
TKIs such as gefitinib and erlotinib are effective at initial
treatment; however, acquired resistance usually develops after
a median of 9–14 months [88, 89]. Though a few EGFR
mutations in plasma DNA have been detected prior to treat-
ment [76], the presence of which can predict tumor response
in NSCLC patients [90], de novomutations of KRAS, NRAS,
and BRAF and amplification of Erb-B2 receptor tyrosine ki-
nase 2 (ERBB2) and MET might drive resistance to anti-
EGFR treatment. Sequencing plasma DNA before and after
the development of drug resistance indicates that, upon devel-
oping TKI resistance, new mutations in EGFR, such as a
C797S mutation, emerge, and cause treatment failure [91].
Similarly, the detection of T790M mutation in CTCs from

patients with EGFR mutations who have received TKIs is
predictive of reduced progression-free survival [92].

Despite the prevalence of newly-acquired mutations that
confer resistance to treatment, pre-existing rare clones within
the primary tumor can also result in cancer refractory to anti-
EGFR treatment. Measurement of KRAS and EGFRmutation
status in plasma DNA of posttreatment mCRC patients indi-
cates that drug resistance-associated mutants are indeed de-
rived from rare, pre-existing clones in the primary tumors
[93]. Though these mutants occur at very low frequencies
prior to EGFR blockade therapy, they become evident
22 weeks after initiation of treatment, the time interval re-
quired for the mutant subclone to repopulate the lesion and
lead to recurrence [94]. As a result, evaluating the serial plas-
ma DNA mutation status during monoclonal antibody treat-
ment suggests that combination therapies targeting multiple
pathways and timely adjustments of therapeutic regimens
can delay or prevent disease progression [95].

Furthermore, quantitative and genetic characterization of
CTCs can also guide treatment choice. A decrease in total
CTCs suggests response to therapy and predicts longer overall
survival in lung cancer patients [96], whereas an increase in
CTCs after chemotherapy is associated with shorter overall
survival in patients with breast cancer and CRC [97, 98].
The positive HER2 status of CTCs in breast cancer patients
whose primary tumors were HER2-negative indicates a ben-
efit from trastuzumab therapy [99]. Moreover, the results from
the SWOG 0500 trial found that for breast cancer patients with
persistently increased CTCs after 21 days of first-line chemo-
therapy, an early switch to an alternative cytotoxic therapy
was not effective in prolonging overall survival, indicating
that this population needs more effective treatment than stan-
dard chemotherapy [100].

Confronting Issues of Liquid Biopsy

Several issues must be solved before liquid biopsy can be
widely implemented. First, the pre-analytical conditions of
sampling should be defined, including the markers used for
CTC enrichment in different cancers, optimization and stan-
dardization of circulating DNA and miRNA extraction and
quantification, and selection of the proper method of mutation
analysis. Second, the high costs of NGS and low throughput
of dPCR must be taken into account when selecting either
method. Although NGS can provide broader mutation detec-
tion than dPCR, the high cost, long turnover time, and need
for professional operators limit its popularity. In contrast, the
benefit of high sensitivity, low cost, and wide applicability of
dPCR is discounted by its low throughput and inability to
discover unknown mutants. Moreover, the ultimate goal of
liquid biopsy is to aid clinicians in making efficient treatment
decisions; thus, clinicians using liquid biopsy must be capable
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of accurate interpretation of testing results and its translational
significance. Collaboration between industry, research insti-
tutes, and clinical centers will be critical for solving
such issues.

Liquid Biopsy in HCC

Although the role of liquid biopsy in HCC has not been wide-
ly and thoroughly evaluated, it has utility for the early diag-
nosis and prognosis of HCC patients. The presence of CTCs
in HCC patients correlates with tumor invasion and is a pre-
dictor of reduced survival [101]. A variety of enrichment and
detection methods can detect CTCs. Using the CellSearch
platform, Sun et al. found that 66.67 % of HCC patients have
detectable EpCAM-positive CTCs prior to surgery, which de-
creases significantly 1 month after surgery; moreover, preop-
erative CTC≥2 per 7.5 ml blood was a positive predictor of
recurrence [102]. Intercellular adhesion molecule 1 (ICAM-1)
can also be used as a biomarker to detect CTC in HCC; ele-
vated numbers of CD45 (−) ICAM-1 (+) cells is predictive of
poorer clinical outcomes [103]. In a highly metastatic
orthotopic nude mouse model, the number of CTCs strongly
correlates with disease progression and treatment response to
sorafenib [104]. Furthermore, a recent study demonstrated that
pretreatment CTC level has prognostic significance not only
in HCC patients who have undergone surgery, but also in
those who have rece ived t ransca the te r a r t e r i a l
chemoembolization and radiotherapy [105].

Apart from the quantification of CTCs, recent research has
paid more attention to their genetic characterization.
Sequencing of CTC DNA could serve as an alternative to
solid tumor biopsy to identify known HCC mutations, espe-
cially for low-frequency variants [106]. Furthermore, single-
cell sequencing of CTCs provides genomic profiling for copy
number or mutations, which might better describe the land-
scape of a single-cell genome. This information could enrich
our knowledge about the genomic amplifications of onco-
genes and deletions of tumor suppressors, supplying clinicians
with the information necessary to direct therapy or monitor
disease following treatment [107].

In addition to the quantification and characterization of
CTCs, circulating cell-free nucleic acids are promising bio-
markers for diagnosis and prognosis in HCC [108].
Methylation of p15 and p16 is present and concordant in plas-
ma and tumor tissue, but not in controls with chronic hepatitis/
cirrhosis or healthy subjects [109, 110]. Furthermore,
p16INK4a [111], RASSF1A [112], and INK4A [113] are
hypermethylated in plasma and useful for HCC screening,
detection, and prognostication. Thus, sequencing of plasma
cfDNA to identify genomic copy variations could help to
identify patients at high risk for HCC among individuals with
chronic liver diseases [114]. The 249 (Ser) p53 mutation, a

Bhotspot^ mutation in HCC patients exposed to aflatoxin B1
and hepatitis B virus, can be readily identified in plasma,
facilitating the early diagnosis of HCC [115–117]. For patients
undergoing liver transplantation, genetic variations of
rs894151 and rs12438080 in pre-transplant circulating
cfDNA effectively predict tumor recurrence and identify a
subgroup of patients with low risk of post-transplant recur-
rence despite exceeding the Milan criteria [118]. Beyond the
presence or absence of such mutations, cfDNA concentration
is also prognostic in HCC. cfDNA concentration significantly
differs between patients with HCC and liver cirrhosis, and
higher cfDNA levels predict advanced tumor status and poor
survival of HCC patients [119, 120]. Furthermore, increased
levels of cfDNA are observed in hepatitis C virus-associated
HCC [121] and predict inflammatory status prior to curative
surgery [122] and distant metastasis afterwards [123].

The quantity of circulating miRNA is another aspect of
liquid biopsy that facilitates early diagnosis of HCC [124].
A plasma miRNA panel consisting of miR-122, miR-192,
miR-21, miR-223, miR-26a, miR-27a, and miR-801 accurate-
ly differentiates HCC from healthy, chronic hepatitis B, and
cirrhosis patients [83]. Similarly, the combination of circulat-
ing miR-122 and let-7b differentiates early HCC from dys-
plastic nodules in chronic hepatitis B patients [125], and the
panel of miR-19a, miR-195, miR-192, and miR-146a has high
accuracy in the early diagnosis of hepatitis C virus-related
HCC [126]. Other circulating miRNAs with diagnostic or
prognostic value include miRNA-16 [127], miRNA-101
[128], and miRNA-21 and 199-a [129, 130] are also reported.
Finally, plasmamiRNA predicts the success of liver transplan-
tation in HCC patients [131].

In addition, miRNA extracted from circulating exosomes
also has diagnostic value [132] and is predictive of HCC re-
currence after liver transplantation [133]. The combination of
miRNA with established markers, such as AFP, has better
diagnostic performance than conventional markers alone
[127]. Our research group has found that low expression of
miR-26a in HCC tissues predicts sensitivity to interferon after
hepatectomy [134], and an ongoing study is evaluating the
ability of miR-26a expression in serum to guide interferon
therapy for the prevention of postoperative recurrence and
metastasis. However, caution should be taken when these re-
sults are applied clinically because many factors influence
circulating miRNA levels [135].

Conclusion

Liquid biopsy, an application of blood-based analysis for can-
cer diagnosis, surveillance, and prognosis, has broad utility in
the management of cancer. The major strengths of liquid bi-
opsy include genotyping a tumor’s mutant landscape, the fea-
sibility of serial sampling to generate a dynamic profile of
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disease progression, and the practicability of monitoring treat-
ment response, unveiling drug resistance, and making thera-
peutic choice in real-time. The non-invasiveness and high
specificity of liquid biopsy, as well as the homogeneous nature
of blood, make liquid biopsy an ideal tool for modern onco-
logical research and practice. The widespread use of liquid
biopsy in HCC is on the horizon in this era of precision
medicine.
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