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Liquid Biopsy in Hepatocellular
Carcinoma
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Introduction

Liquid biopsy, the sampling of cellular material from a solid tumor that has actively
or passively entered the bloodstream, is an exciting area of research in cancer
diagnostics. Tumor-derived components amenable to liquid biopsy include
circulating tumor cells, exosomes, and circulating nucleic acids such as cell-free
DNA and noncoding RNA. While the detection of secreted proteins might
technically fit the definition of liquid biopsy, the term is usually used to refer to
newer techniques focusing on other cellular products or cells themselves. The
concept of sampling a tumor through phlebotomy is inherently attractive due to the
risks of sampling the primary tumor which, in the case of hepatocellular carcinoma,
include tumor seeding along the biopsy tract, hemoperitoneum, pneumothorax, bile
peritonitis and sampling error leading to false negative results. The risk of tumor
seeding with tissue biopsy of suspected HCC is reported to be 2.7% [1]. In the set-
ting of cirrhosis, major complications of liver biopsy occur in 1.5-2.6% of cases [2,
3]. Liquid biopsy also offers the patient the convenience of a blood draw over pro-
cedures with conscious sedation which require hours from preparation to recovery.
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Fig. 7.1 The role of liquid biopsy according to disease stage in HCC. Blood-based biomarkers
have the potential to improve each stage of cancer care

For these reasons, the application of liquid biopsy to biomarker development in
hepatology and oncology has been an intense and rapidly expanding area of research
in recent years.

Liquid biopsy development has focused on key areas of need in oncology that
apply to each stage of cancer (Fig. 7.1). In individuals at high risk for developing
HCC, such as those with cirrhosis or chronic hepatitis B infection, early detection
of HCC through surveillance may facilitate curative treatment and improve long-
term outcomes. However, commonly used surveillance tools including serum AFP
and liver ultrasonography are suboptimal, suffering from low sensitivity for early
lesions. Current areas of research include adapting liquid biopsy platforms to detect
HCC lesions at an early, curable stage. For diagnosed early-stage cancer, liquid
biopsy could play a role in risk stratification and detection of recurrence after treat-
ment. In the setting of metastatic cancer, liquid biopsy could aid in treatment selec-
tion, monitoring of response, and understanding mechanisms of resistance. Each
cellular component targeted by liquid biopsy has both strengths and weaknesses in
addressing these clinical needs.

Circulating Tumor Cells

Background

Circulating tumor cells (CTCs) are cells shed from primary and metastatic sites of
solid tumors into the bloodstream. CTCs were initially identified in 1869 during an
autopsy of a woman with metastatic breast cancer [4]. Over 100 years later, the
mechanism of entry of these cells into the vasculature is not well-understood but
may involve both passive shedding of tumor cells facilitated by abnormal tissue
vasculature and active migration of tumor cells as part of epithelial-to-mesenchymal
transition. Upon entry into the circulation, many of these cells do not survive, but a
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subset may carry additional functional gains required to persist including resistance
to anoikis (apoptosis occurring when anchorage-dependent cells detach from the
extracellular matrix) and evasion of the immune system [5]. The lifespan of these
cells is likely several hours as most patients with localized cancer have no detectable
CTCs at 24 hours after curative tumor resection [6]. Some CTCs gain the ability to
intravasate into distant organs and coopt local tissues to create a supportive niche.
Due to their varied mutational status, circulating tumor cells are heterogenous. The
heterogeneity of CTCs is highlighted by comparisons of their morphology,
proliferative index by Ki67 staining [6], and transcriptional profiling [7-9]. CTCs
can circulate individually or in clusters. In the latter case, multicellular groupings
are oligoclonal cells that may perform complementary metastatic functions [10].

Technology

The rarity of CTCs in the bloodstream creates challenges in the isolation of these
cells. While a small number of patients may have high blood concentration of CTCs,
even patients with metastatic cancer, who tend to have higher CTC concentrations,
generally have fewer than 10 CTCs per mL of blood [11]. In a typical blood sample
of a cancer patient, there may be one million-fold more white blood cells and one
billion-fold more red blood cells than CTCs. CTC isolation technologies must
balance achieving a high sensitivity for these rare and heterogenous cells while
limiting contamination with white and red blood cells. CTC storage and processing
must preserve the integrity of the cells and their informative cargo, including DNA,
RNA, and protein. These technologies incorporate one or more of the following
approaches to the isolation of CTCs: (1) size-based positive selection of CTCs, (2)
positive selection of CTCs based on expected cell-surface marker expression, or (3)
depletion of blood cells with collection of untagged CTCs (negative selection).

CTCs, consistent with their epithelial origin, tend to be larger than leukocytes
(median diameter 15 pm vs. 10 pm) [12, 13]. Devices that filter CTCs based on size
are attractive in their simplicity and ease of use. However, the hemodynamic forces
required for filtration can cause cellular stress and damage, reducing cell viability
and altering cell phenotype. Furthermore, due to heterogeneity in CTC size and the
presence of large hematopoietic cells (such as bone marrow-derived megakaryocytes
in patients undergoing chemotherapy), these devices could suffer from both reduced
sensitivity and specificity [13—15]. Devices that include both size-based filtration
and sorting based on additional physical properties such as deformability are under
development and could provide superior results. Other physical properties that have
been exploited for CTC isolation include photoacoustic resonance [16, 17], electrical
charge [18], and differential density [19].

An alternative to a filtering-predominant approach is to detect the CTCs among
the WBCs. One such platform involves plating CTCs and WBCs on an adherent
surface, immunofluorescent staining of epithelial or tumor cell surface markers, and
high-throughput microscopic scanning to identify CTCs [20]. Such an approach
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facilitates enumeration of CTCs unbiased by cell size but may not allow for molecu-
lar analyses of the cells.

A popular approach involves the isolation and detection of CTCs using antibod-
ies targeted against epithelial cell surface markers. This is the strategy employed by
CellSearch (Menarini Silicon Biosystems), which, at the time of this writing, is the
only platform for CTC assessment approved by the US Food and Drug Administration.
In this assay, blood samples are fixed and CTCs are extracted in a magnetic field
after being tagged with magnetic anti-EpCAM antibodies. Isolated cells are stained
for DAPI to identify cell nuclei, additional epithelial markers (cytokeratins 8/18/19)
to confirm identity of CTCs, and CD45 to highlight contaminating WBCs. Cells are
imaged and candidate CTCs (DAPI-positive, cytokeratin-positive, CD45-negative)
are displayed for final review by a human operator. The test is FDA-approved based
on clinical studies demonstrating that CTCs identified by CellSearch are an
independent predictor of overall and progression-free survival in metastatic breast
[21], prostate [22], and colorectal cancer [23]. Limitations include an inability to
interrogate cellular cargo (such as DNA or RNA) and reduced detection sensitivity
due to cell loss through multiple processing steps and the requirement of EpCAM
expression. Importantly, CTCs may lose expression of epithelial cell surface
markers through epithelial-to-mesenchymal transition and may have particularly
diminished or absent EpCAM expression in the setting of HCC, which is known to
have low EpCAM expression [24, 25]. Other technologies use anti-EpCAM
antibodies bound to various scaffolds to capture and eventually release CTCs but
are liable to the same limitation of epithelial marker expression [26, 27].

Newer technologies rely on negative selection of CTCs through the depletion of
white blood cells. The rationale is that WBCs have well-characterized cell surface
markers that can be targeted for WBC removal, whereas targetable CTC antigens
are incompletely understood. This strategy is employed by the CTC-iChip which is
an integrated microfluidic device that removes red blood cells and platelets by size-
based sorting and then deflects WBCs tagged with magnetic antibodies. CTCs,
which remain untagged, are then collected for downstream bulk or single-cell
analyses including enumeration, molecular characterization, and cell culture [15,
28]. Negative selection increases the sensitivity of CTC detection at the risk of
contamination with WBCs that escape removal.

Applications in HCC

One of the first published works demonstrating the association of clinical outcomes
and CTCs in HCC was by Matsumura et al. in 1999 who isolated peripheral blood
nucleated cells by density centrifugation and identified CTCs among these cells by
RT-PCR of alpha-fetoprotein mRNA as a marker of HCC origin [29]. The study
followed 81 patients with biopsy-confirmed HCC confined to the liver who were
undergoing locoregional therapy. The group found 64% of HCC patients tested
positive for peripheral blood AFP mRNA which was associated with poorly
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differentiated tumors and an increased incidence of extrahepatic metastasis. Patients
with negative AFP mRNA after treatment demonstrated improved survival compared
to patients with persistently positive levels. The utility of AFP mRNA as a prognostic
marker was supported by subsequent studies [30, 31] but was also found to be
positive in some patients with benign liver disease or cancers of non-hepatic origin
[31, 32]. Other groups have studied various mRNA markers of HCC CTCs including
MAGE 1, MAGE 3, GPC-3, CD44, and hTERT with variable success [33].

Studies employing the CellSearch system have generally demonstrated a sensi-
tivity of 20-50% in identifying CTCs in HCC patients. Sun et al. enumerated CTCs
using CellSearch in HCC patients undergoing potentially curative resection [34].
Using a threshold of 2 CTCs per 7.5 mL of peripheral blood, the group detected
CTCs in 41% of patients preoperatively. CTC concentrations over this threshold
were independently associated with postoperative tumor recurrence, even in
subgroups thought to be otherwise at low risk for tumor recurrence such as those
with Barcelona Clinic Liver Cancer stage 0 or A. The captured CTCs displayed
stem cell-like phenotypes with expression of markers of cancer stem cell (CD133
and ABCG2), epithelial-mesenchymal transition, and Wnt pathway activation.

Emerging technologies have focused on depletion of white blood cells rather
than positive selection of CTCs [15, 35, 36]. These technologies, which include the
CTC-iChip, have the benefit of isolating unperturbed viable CTCs with high-quality
RNA [7]. Our group combined the CTC-iChip with droplet digital PCR to create a
CTC score based on the expression of liver-specific mRNA transcripts [28]. The
CTC score had a sensitivity of 56% at a specificity of 95% for detecting HCC of any
stage when using at-risk patients with chronic liver disease as controls. Notably, the
CTC score decreased in HCC patients receiving therapy, suggesting a role for the
platform in monitoring treatment response. Our follow-up study identified
circulating cells of hepatic origin in patients with chronic liver disease (without
hepatocellular carcinoma) using immunofluorescence and RNA sequencing after
depletion of blood cells by the iChip [37]. These results suggest that liquid biopsy
can detect preneoplastic “circulating epithelial cells.” We created a machine learning
algorithm based on RNA expression data to distinguish circulating epithelial cells
of chronic liver disease and those of HCC (including early-stage disease), with an
AUC of 0.927. The detection of circulating epithelial cells in preneoplastic disease
has been noted in other solid organ disease including intraductal papillary mucinous
neoplasm of pancreas [38—40]. The detection and analysis of these cells as they
evolve from premalignant to malignant may facilitate using liquid biopsy for the
early detection of cancer.

A large multicenter trial examined another negative enrichment strategy,
RosetteSep Human CD45 Depletion Cocktail (STEMCELL Technologies), for
CTC isolation in combination with RT-PCR of a panel of nine putative cancer stem
cell mRNA transcripts for CTC detection in discovery, training, and validation
cohorts (total of 1006 patients) [41]. In this study, Guo et al. narrowed the panel to
four transcripts (EpCAM, CD90, CD133, CK19), which, when combined in a
logistic regression model, demonstrated an AUC of 0.93 (sensitivity 82.1%,
specificity 94.2%) in the validation cohort to differentiate HCC from a control
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population of healthy blood donors and individuals with chronic hepatitis B,
cirrhosis, or benign hepatic lesions. The platform’s performance was similar in the
detection of early-stage HCC and was superior to that of the standard serum
biomarker AFP. Among patients undergoing resection for HCC, postoperative
recurrence was associated with persistently positive CTC testing after surgery and
higher preoperative CTC concentrations.

Studies to date of liquid biopsy in HCC have demonstrated the feasibility of
detection and clinical relevance of CTCs. Research in HCC CTCs has been
hampered by the use of multiple isolation and detection technologies, limiting the
ability to compare results and draw definitive conclusions from the body of work. A
meta-analysis of 20 studies with heterogenous methods calculated a pooled
sensitivity of 67% at a specificity of 98% implying the included technologies would
be inadequate to use alone for HCC diagnosis [42]. Whether CTCs can be useful as
part of a multi-analyte surveillance regimen for the early diagnosis of HCC has not
been adequately studied prospectively. On the other hand, enumeration of CTCs
could play a role in monitoring response to therapy and evaluation of minimal
residual disease given the demonstrated prognostic value of CTC testing. Studies
successfully using molecular analysis of HCC CTCs raise hope that further research
may lead to a better understanding of the mechanisms of metastasis and could allow
for patient selection for emerging treatments such as immunotherapy. As new
medical therapies for HCC develop, liquid biopsy could also facilitate personalized
treatment through ex vivo culturing and treatment testing of CTCs.

Circulating Tumor DNA

Background

Cell-free DNA (cfDNA) are fragments of nucleic acids shed into the bloodstream
from cells undergoing necrosis, apoptosis, or other forms of cell death [43]. ctDNA
refers to the subset of cfDNA that is derived from tumors, whether from the primary
site, metastatic deposits, or circulating tumor cells. cfDNA was first described in
1948 [44], but the identification of tumor-derived fragments was subsequently noted
in the 1970s [45]. cfDNA typically circulates in fragments of approximately 180 bps
which corresponds to the unit of chromatin protected by nucleosomes [46]. The
plasma of healthy individuals typically carries less than 25 ng cfDNA per mL (the
equivalent of several genomes) while in certain physiologic states, such as in the
setting of inflammation or cancer, cfDNA concentrations are often several fold
higher [45, 47]. Between cancer patients, the portion of cfDNA that is ctDNA is
variable (ranging from <0.1% to >10%) which may reflect the underlying rate of cell
turnover and cancer stage. However, within individuals, ctDNA fraction may track
with tumor burden and response to treatment [48]. Tumor-specific genetic altera-
tions, including point mutations, copy number changes, and gene rearrangements,
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can be detected in ctDNA and reflect alterations found in the primary tumor in indi-
vidual patients [49]. As ctDNA is shed from the entire tumor but tissue biopsies only
sample a small portion, liquid biopsy of ctDNA may have an increased sensitivity
for informative mutations which may only be present in a subpopulation of tumor
cells. Liquid biopsy also allows for longitudinal sampling of an evolving cancer
when repeat tissue biopsy carries prohibitive risk. These mutational analyses are
helpful for cancers for which actionable mutations have been established. For exam-
ple, specific ctDNA tests have been FDA-approved to detect BRAF V600E or
V600K mutations (in melanoma to determine whether patients are candidates for
targeted therapy), KRAS mutations (to identify colorectal cancer patients who may
be ineligible for EGFR-targeted therapies), and EGFR mutations (to identify patients
with non-small cell lung cancer who may benefit from targeted therapies). No spe-
cific tests have been approved to date for hepatocellular carcinoma, reflecting a lack
of effective targeted therapies. Commercial tests for the detection of multiple tumor-
associated mutations in ctDNA have also been approved. In such broad testing, a
potential source of false positive results may be cfDNA derived from clonal expan-
sions of nonmalignant cells that harbor typical tumor driver mutations. In blood
cells, such nonmalignant proliferation has been termed “clonal hematopoiesis of
indeterminate potential” as their mutations are associated with myeloid malignancy,
but they generally do not progress to cancer [50]. A similar phenomenon has been
described in solid organs [51, 52]. That cfDNA is a mixture of DNA derived through-
out the body is both a strength and a weakness: it allows the sampling of all tumor
sites (primary and metastatic as well as subpopulations therein) but makes identifi-
cation of the tissue origin challenging. The analysis of DNA methylation patterns
may allow for better tissue specificity [53].

Technologies

Compared to the isolation of circulating tumor cells, isolation of ctDNA is straight-
forward. Five to twenty milliliters of peripheral blood is drawn in a collection tube
containing anticoagulant and preservatives. Cells are removed by centrifugation
leaving plasma from which cfDNA can then be extracted using commercially
available kits. cfDNA is generally procured from plasma rather than serum, due to
the risk of increased non-tumor cfDNA from cell lysis when serum separator tubes
are used. Distinguishing ctDNA from non-tumor cfDNA is a major challenge in
liquid biopsy research, analogous to the “needle-in-a-haystack™ problem of
identifying CTCs among blood cells. Success depends on the sensitivity of the
method employed for DNA analysis. While traditional RT-PCR has been used to
identify point mutations, newer higher sensitivity methods with the potential for
absolute quantification include digital PCR in which samples are diluted to one
template per PCR reaction. Modifications of this approach include droplet digital
PCR [54, 55] in which PCR reactions occur in separate droplets. Alternatively,
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next-generation sequencing has become commonly used in the study of ctDNA for
the detection of targeted mutations, whole exome sequencing or whole genome
sequencing. Chromosomal rearrangements can also be detected by next-generation
sequencing but requires the distinction of tumor-associated structural changes from
germline copy number variants which can be facilitated by established bioinformatic
filters [56]. While next-generation sequencing of ctDNA is performed clinically
with FDA-approved tests, the concordance between assays has been called into
question, a potential issue that will require further investigation [57]. An additional
concern is that the amount of tumor-derived cfDNA varies as a function of total
tumor burden. Most studies to date have focused on patients with advanced
metastatic cancer, but in individuals with localized and potentially curable cancers,
the ratio of signal to background in ctDNA-based mutation detection is less reliable.

Applications in HCC

Proof of principle for the detection of HCC point mutations in peripheral blood was
demonstrated by Szymanska et al. who examined cfDNA for the presence of p53
R249S, a mutation described in patients with aflatoxin-associated HCC [58]. Plasma
was collected from a longitudinal cohort monitored for the subsequent onset of
HCC. Eight of fourteen patients carried the mutation in the tumor, and 9 carried
R249S in cfDNA (as detected by short oligonucleotide mass analysis) with a
concordance of 64%. Another study found a 22.2% concordance of HCC hotspot
mutations in 27 matched resected tumor tissue specimens and plasma ctDNA
samples [59]. The ctDNA samples were analyzed by digital droplet PCR which was
noted to have a detection limit of 0.01%. Chan et al. demonstrated that copy number
variations in four HCC patients could be detected in cfDNA prior to treatment but
not after surgical tumor resection [60].

Cohen et al. developed a multi-analyte blood test for resectable cancer called
CancerSEEK that incorporates ctDNA detection [61]. The platform determines a
probability of cancer using plasma-based sequencing of 16 cancer-associated genes
and the measurement of 8 cancer-associated serum proteins. A machine learning
algorithm then combines these data with the measurement of a 31-protein panel to
predict the tissue of origin of the cancer. The assay was developed to detect eight
different solid cancers, including hepatocellular carcinoma. The initial portion of
the test, which indicates the presence of any cancer, demonstrated a sensitivity of
100% for stage I hepatocellular carcinoma at a specificity of 9% when healthy
individuals were used as the control population. In their cohort of eight cancer
types, when cancer was detected in HCC patients, the machine learning algorithm
was able to predict the tissue of origin with an accuracy of 44%. The assay is prom-
ising but will need to be evaluated in patients with chronic liver disease at high risk
for HCC, the population who would most benefit from surveillance. It is possible
the specificity may be reduced in this setting as the positive analytes could reflect
the underlying liver disease rather than the HCC itself, a concern with any study that
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relies on healthy control populations, rather than at-risk individuals who have can-
cer-predisposing conditions.

Several studies have examined the diagnostic potential of DNA methylation pat-
terns which have been shown to be highly tissue-specific [62]. Kisiel et al. examined
the accuracy of HCC detection using methylation patterns in cfDNA [53]. Candidate
markers were identified by reduced representation bisulfite whole methylome
sequencing on tissue DNA from HCC and control tissues. The candidate markers
were evaluated in cfDNA from patients with HCC and cirrhotic controls. In the final
assay, a six-marker panel (HOXAI1, EMXI1, AKO055957, ECEl, PFKP, and
CLEC11A) was scored using recursive partitioning decision analysis. In a cross-
validated analysis of 95 HCC patients and 51 cirrhotic controls, the assay yielded a
sensitivity of 95% at a specificity of 92%. The sensitivity for Barcelona Clinic
Staging Criteria stage 0 was 75% and 93% for stage A. The selected genes were
identified agnostic of biological significance but were subsequently noted to be
involved in carcinogenesis.

Studies examining ctDNA in HCC have not yet explored the full technological
power available in the field, which may partly be due to the lack of actionable
mutations in HCC. There is, however, strong early data supporting the role of
methylated ctDNA in the diagnosis of early HCC. Further validation is required.

Cell-Free Noncoding RNA

Background

Noncoding RNA (ncRNA) molecules are involved with various cellular processes
including the regulation of gene expression. They are often categorized by their
length as short and long species. The most studied variety of short noncoding is
microRNAs (miRNAs) which are typically 21-25 nucleotides in length and regulate
protein expression by binding mRNA at the 3’UTR, targeting the mRNA molecule
for degradation or blocking translation. miRNAs have been shown to play roles in
fundamental cell processes including differentiation, metabolism, and death. Long
noncoding RNAs (IncRNAs) are >200 nucleotides in length and can modulate gene
transcription through binding of regulatory proteins and complementary RNA or
DNA. After cell lysis or from active secretion from cells, ncRNAs access the circu-
lation as free nucleic acids or in membrane-bound extracellular vesicles [63].

Technology

The field of cell-free ncRNA is relatively new with the first description of circulat-
ing miRNA as a biomarker for solid tumors published in 2008 [64]. While extracel-
lular RNA is susceptible to degradation by nucleases, miRNA is relatively resistant
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to digestion compared with mRNA [65]. Studies examining circulating noncoding
RNAs generally use commercially available kits for isolation of total RNA or
miRNA from plasma followed by identification of RNA species by various methods
including RT-PCR, digital PCR, microarray, NanoString (NanoString Technologies),
or next-generation sequencing. While analysis of ctDNA focuses on the presence or
absence of cancer-specific alterations, liquid biopsy of ncRNA relies on quantifica-
tion of cancer-associated transcripts. Thus, ncRNA assessment requires either abso-
lute transcript quantification or appropriate normalization to accurately compare
levels between samples.

Applications in HCC

Numerous studies have examined the diagnostic capability of circulating miRNA
in HCC. Okajima et al. identified candidate miRNAs with high expression in HCC
tissue including miR-224 which was upregulated in HCC and HCC cell lines com-
pared to normal tissues [66]. They found that miR-224 plasma levels detected by
RT-PCR correlated with HCC tissue levels, decreased after resection of the pri-
mary tumor, correlated with tumor size and tumor recurrence, and was elevated in
HCC patients compared to those with chronic liver disease without HCC. A meta-
analysis suggested that panels of miRNAs may have better diagnostic characteris-
tics than individual markers with miR-21, miR-199, and miR-122 providing
improved specificity when using patients with liver disease as the control popula-
tion [67]. Several studies have examined the utility of miRNA panels in HCC
diagnosis, including a subsequently published work by Moshiri et al. [68]. Using
RNA-seq, the group identified potential miRNA markers based on an initial analy-
sis comparing plasma samples from patients with HCC, cirrhosis, and no known
liver disease. They validated their findings in three small cohorts of HCC patients,
cirrhotic patients, and healthy controls using droplet digital PCR to evaluate
marker expression. A panel of three miRNA markers (miR-101-3p, miR-1246, and
miR-106b-3p) scored by logistic regression performed with an AUC of 0.99 for
distinguishing HCC and cirrhosis. The group demonstrated the feasibility of com-
bining the discovery of miRNA markers of HCC by RNA-seq with subsequent
validation using the higher throughput and more economical approach of droplet
digital PCR.

The role of circulating IncRNA in liquid biopsy has only been studied in a lim-
ited fashion. Based on studies showing overexpression of the IncRNA metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1) in solid cancer including
HCC [69], Konishi et al. investigated its role as a plasma biomarker of HCC [70].
While some HCC patients had elevated plasma MALAT-1 levels, many had levels
similar to healthy controls or controls with chronic liver disease, limiting the
sensitivity of using MALAT-1 alone as a diagnostic tool. Yan et al. performed
quantitative RT-PCR for circulating IncRNAs reported to be associated with HCC
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and found that a panel of three IncRNAs (LINC00152, XLOC014172, and RP11-
160H22.5) and serum AFP in a logistic regression model was able to distinguish
HCC patients from HBV chronic hepatitis patients with an AUC of 0.986 [71]. The
ability of the panel to distinguish HCC patients and cirrhotic patients was not
examined.

The detection of ncRNA as a liquid biopsy is a nascent field with numerous het-
erogenous studies suggesting different biomarkers may be useful in HCC diagnosis
and prognosis. The relative ease of miRNA isolation, storage, and detection will
facilitate a rapid accumulation of new data that will identify the most promising
candidates.

Extracellular Vesicles

Background

Extracellular vesicles (EVs) are lipid bilayer-enclosed particles that are released
by both normal and diseased cells and carry various cellular molecules. They are
categorized as apoptotic bodies, microvesicles (also called microparticles or ecto-
somes), and exosomes depending on their mechanism of generation. Apoptotic
bodies are large cell fragments (usually with a diameter of over 500 nm) formed
by blebbing during programmed cell death. Microvesicles are formed directly
from blebbing of cell membranes and released into the extracellular space. Their
diameter can range from 50 nm to 1000 nm, although in the setting of cancer,
some larger microvesicles (termed “large oncosomes”) have been observed.
Exosomes are formed in a more complex manner from the endolysosomal path-
way. First, the membrane of intracellular endosomes bulges inward and forms
“intraluminal vesicles.” The endosome subsequently fuses with the cell mem-
brane, releasing the intraluminal vesicles as exosomes into the extracellular
space. Exosomes are typically smaller than microvesicles, with a diameter of
30-100 nm. Biologically, EVs play a role in cell-to-cell communication, transfer-
ring various cellular molecules including proteins and nucleic acids to near or
remote cells [72].

EVs have been reported to play an important role in carcinogenesis and metasta-
sis. In a mouse model of pancreatic ductal adenocarcinoma, cancer-derived exo-
somes travel to the liver and induce changes in the hepatic microenvironment that
facilitate liver metastases [73]. The role of EVs in hepatocarcinogenesis is less well
studied. Wei et al. found that exosomes shuttle oncogenic miRNA between HCC
cells, a process inhibited by the potential tumor suppressor Vps4a [74].

EVs have been detected in various body fluids, where they can be sampled for
diagnostic means. The cargo can be interrogated to evaluate the cell of origin and
query possible underlying disease states analogous to the analysis of circulating
tumor cells.
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Technology

As with circulating tumor cells, the technology for isolation of EVs is evolving. The
associated techniques have not yet been standardized. Isolation techniques include
differential ultracentrifugation, density gradient separation, immunoaffinity
purification, and size-exclusion chromatography. EV research has largely used
differential centrifugation with or without size-based exclusion by an additional
filtration step, although the established protocols are lengthy and not conducive to
high-throughput workflows for clinical care. Importantly, the particles isolated as
well as the cargo detected can vary by technique [75]. While these factors have
complicated the advancement and validation of research in EVs as biomarkers,
several factors make them attractive candidates for ongoing study including the
availability of newer commercial kits for EV isolation and the relative stability of
these particles and their membrane-protected contents.

Applications in HCC

There has been hope that ncRNA isolated from EVs may show improved reproduc-
ibility as biomarkers over free circulating ncRNA due to the increased stability of
nucleic acids in lipid-bound packaging where they are protected from endogenous
nucleases [76]. Sohn et al. investigated the expression of several exosomal miRNAs
in patients with HCC, cirrhosis, or chronic hepatitis B [77]. Exosomes were isolated
from patient plasma using a kit-based system and the expression of ten miRNAs,
selected based on published data on their expression in HCC tissue, was evaluated
by RT-PCR. Levels of miR-18a, miR-221, and miR-222 were significantly elevated
in HCC patients compared to patients with cirrhosis or chronic hepatitis but indi-
vidually did not sufficiently discriminate between the patient populations for the
purposes of diagnostic testing. Wang et al. examined miR-21 expression, which was
previously shown to be elevated in solid tumors including HCC, using an exosome
isolation kit and RT-PCR for quantification [78]. They found exosomal and free
serum miR-21 expression were significantly elevated in HCC patients compared to
those from chronic hepatitis B patients with overall higher expression and better
discrimination using exosomal miRNA.

The possibility of using differentially expressed exosomal proteins as biomark-
ers was studied by Arbelaiz et al., who used mass spectrometry to examine the pro-
teomes of exosomes derived from patients with primary sclerosing cholangitis,
cholangiocarcinoma, or hepatocellular carcinoma [79]. Several potential exosomal
protein biomarkers were identified including LG3BP which distinguished HCC
patients and healthy controls with an AUC of 0.904 and FIBG which distinguished
intrahepatic cholangiocarcinoma from HCC with an AUC of 0.894.
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Given their mechanistic role in carcinogenesis, their multimolecular contents,
and their stability, EVs have an exciting future in liquid biopsy; however, little is
known about their role in HCC specifically at this time.

Conclusions

In recent years, there has been rapid development in blood-based analysis of solid
tumors. The application of these technologies lags in HCC compared to other
cancers, but as liver disease becomes a growing worldwide menace, we will see
increasing applications to liver cancer. Advancement in the field will require
standardization of isolation and analysis techniques and large-scale prospective
studies with appropriate controls. The latter point regarding controls is especially
important in the focus on early diagnosis: even screening tests with near-perfect
sensitivity and specificity will suffer from poor positive predictive value if deployed
in populations with low cancer incidence and prevalence. Thus, evaluating and
employing diagnostic tests in high-risk populations (e.g., those with cirrhosis or
chronic hepatitis B) is key. However, designing tests that distinguish HCC patients
from chronic liver disease patients without HCC will likely be challenging. Many
analytes that are elevated in HCC reflect an underlying proinflammatory or diseased
state and may be elevated in nonmalignant liver disease as well. The role of liquid
biopsy in HCC is currently strongest in cancer detection, monitoring, and
prognostication but could evolve as novel therapies emerge that require identification
of patient subgroups most likely to benefit. Technological issues that will continue
to require attention include improvement in signal to noise due to the low
concentration of tumor-derived components in the blood. As the sensitivity improves
to detect subtle abnormalities, assessing cancer risk or detecting microscopic cancer
and not just the presence of macroscopic cancer may be possible. The detection of
invisible cancer will raise new questions in patient management for a disease that
lacks effective chemoprevention or systemic therapy and for which curative
treatment relies on the identification of radiographically detectable lesions.

Overall, each form of liquid biopsy has strengths and weaknesses in the noninva-
sive assessment of HCC. It is likely that not one but a combination of tests, perhaps
both novel and conventional, will be required to improve detection and monitoring
of HCC. The current body of work highlights exciting leads but is limited by heter-
ogenous techniques, the need for further prospective validation, and the risk of false
discovery associated with testing numerous markers simultaneously. Further work
is still required before any of these technologies are ready for routine clinical appli-
cation in HCC, but this is worthy of study: blood-based testing of a large and grow-
ing at-risk populations with liver disease could have major implications for the
management of a deadly cancer.
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