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Abstract

BACKGROUND & AIMS: Liquid biopsies, or blood samples, can be analyzed to detect
circulating tumor cells (CTCs), cell-free DNA (cfDNA), and extracellular vesicles, which might
identify patients with hepatocellular carcinoma (HCC) or help determine their prognoses. We
performed a systematic review of studies of analyses of liquid biopsies from patients with HCC
and their comparisons with other biomarkers.

METHODS: We performed a systematic review of original studies published before December 1,
2019. We included studies that compared liquid biopsies alone and in combination with other
biomarkers for the detection of HCC, performed multivariate analyses of the accuracy of liquid
biopsy analysis in determining patient prognoses, or evaluated the utility of liquid biopsy analysis
in monitoring treatment response.

RESULTS: Our final analysis included 112 studies: 67 on detection, 46 on determining
prognosis, and 25 on treatment monitoring or selection. Ten studies evaluated assays that
characterized cfDNA for detection of HCC in combination with measurement of a-fetoprotein
(AFP)—these studies found that the combined measurement of cfDNA and AFP more accurately
identified patients with HCC than measurement of AFP alone. Six studies evaluated assays for
extracellular vesicles and 2 studies evaluated assays for CTC in detection of HCC, with and
without other biomarkers—most of these studies found that detection of CTCs or extracellular
vesicles with AFP more accurately identified patients with HCC than measurement of AFP alone.
Detection of CTCs before surgery was associated with HCC recurrence after resection in 13 of 14
studies; cfDNA and extracellular vesicles have been studied less frequently as prognostic factors.
Changes in CTC numbers before vs after treatment more accurately identify patients with HCC
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recurrence than pretreatment counts alone, and measurements of cfDNA can identify patients with
disease recurrence or progression before changes can be detected by imaging. We found little
evidence that analyses of liquid biopsies can aid in the selection of treatment for HCC. Quality
assessment showed risk of bias in studies of HCC detection and determination of prognosis.

CONCLUSIONS: In a systematic review of 112 studies of the accuracy of liquid biopsy analysis,
we found that assays for CTCs and cfDNA might aid in determining patient prognoses and
monitoring HCC, and assays for cfDNA might aid in HCC detection, but there is a risk of bias in
these studies. Studies must be standardized before we can assess the clinical utility of liquid
biopsy analysis in the detection and management of patients with HCC.
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Hepatocellular carcinoma (HCC) is the most common primary liver cancer and the third
leading cause of cancer death worldwide.l HCC is one of the few cancers with increasing
incidence in the United States and this is driven primarily by the increase in nonalcoholic
fatty liver disease and the peak in hepatitis C—related complications.2~ Prognosis after HCC
diagnosis remains poor, with a median survival of fewer than 2 years.®

There are several challenges in HCC management. First, current surveillance strategies using
ultrasound and a-fetoprotein (AFP) are inadequate, with a sensitivity of 63% and a
specificity of 84%, for the detection of early stage HCC.8 Although other biomarkers such as
AFP-L3 and des-y~carboxyprothrombin have shown promise for early detection, they have
not been validated sufficiently for routine clinical use.”-® Second, we lack effective therapies
and biomarkers to guide personalized selection of locoregional and systemic therapies for
patients with advanced-stage HCC.%10 A major contributor to the lack of progress in
developing more effective and precise therapies for HCC is the lack of available tissue to
study tumor mutations and biology because HCC can be diagnosed reliably and treated
based on imaging alone and routine diagnostic biopsy is not currently recommended by
guidelines.11-13 Only recently has deep sequencing of human HCC tissue identified
molecular subtypes with distinct prognoses.14-16

A liquid biopsy, using circulating tumor-derived markers, may address limitations in both
early detection and lack of molecular data on HCC. One example is circulating tumor cells
(CTCs), the presence of which represents an intermediate stage between localized disease
and distant metastasis.1’ CTCs can be detected in virtually all major solid tumors in the
setting of metastatic disease as well as some early and intermediate-stage cancers.1”-1° Deep
sequencing of CTCs can identify mutations, some of which are distinct from those detected
in primary tumor samples, as has been shown in multiple myeloma?® and prostate cancer,?!
and may provide more comprehensive information, compared with a needle biopsy, as a
result of molecular heterogeneity of tumors within the same patient and sometimes within
the same tumor. Another approach is the detection of cell-free DNA (cfDNA), released into
the circulation from dead cancer cells and/or secretion from viable cancer cells.22 cfDNA
can be quantified and characterized for integrity, and also can be sequenced to detect
mutations, methylation, and insertions—deletions.22 cfDNA mutational profiles have been
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investigated for the detection and prognosis of HCC, and for identification of clinically
actionable mutations.23-25 A third example is extracellular vesicles (EVs), which are formed
by budding of lysosomes, cell membranes, or apoptotic bodies, which subsequently can be
released into the circulation.28 EVs affect cell-cell communication and have been
investigated as both targets of therapy and as therapeutic modalities themselves.2’
Furthermore, EV presence/concentration and analysis of EV contents have been studied as
circulating cancer biomarkers.28 Liquid biopsy has not been studied extensively for the early
detection of other cancers,2® however, given inadequacies in early detection of HCC and an
identifiable high-risk population to target for surveillance (ie, patients with cirrhosis), liquid
biopsy could fill an important gap in HCC detection.

The role of liquid biopsy in HCC detection and prognosis has been reviewed recently.30-32
One important clinical question yet to be addressed is whether liquid biopsy outperforms or
offers incremental value to existing biomarkers, most notably AFP. Another question not
addressed is whether liquid biopsy is a useful method for monitoring patients receiving HCC
therapy. Thus, we conducted a systematic review of the role of liquid biopsy for HCC
detection, prognostication and/or prediction of response to therapy, monitoring for
recurrence, and treatment selection, focusing on the comparison of liquid biopsy with
existing biomarkers used in clinical practice.

Literature Search

We performed a systematic review of Medline/PubMed, EMBASE, and the Cochrane library
through December 1, 2019, with no start date restriction. Search terms are detailed in
Supplementary Table 1. We also screened all articles referenced in these selected studies and
in several recent review articles for eligibility.39-32 There were no language restrictions;
English abstracts of non-English language articles were screened and, when applicable, full-
text studies were reviewed by authors fluent in their respective languages. (Chinese was the
only non-English language for which full text review was required.)

Inclusion criteria were as follows: studies of patients diagnosed with HCC in which CTCs,
cfDNA, or EVs were evaluated. Studies were required to report associations between liquid
biopsy and 1 of the following: (1) detection, comparing circulating markers in patients with
vs those without HCC, or sensitivity of the markers for detecting HCC; (2) prognosis/
prediction, evaluating the effect of levels/presence of circulating markers on clinically
relevant outcomes and/or response to therapy; (3) monitoring of residual disease during or
after treatment; or (4) choice of HCC therapy. Finally, detection studies had to report either a
comparison between liquid biopsy and existing biomarkers or the incremental value of liquid
biopsy when combined with existing biomarkers (eg, AFP), and prognostic studies had to
report the effect of liquid biopsy on prognosis in multivariable analysis.

Abstracts were reviewed independently by 2 authors (V.L.C. and D.X.), with discrepancies
resolved by a third author (N.D.P.).
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Data Extraction

We independently abstracted the required information from eligible studies using
standardized forms developed by the investigators. We collected information on inclusion/
exclusion criteria and country/countries of studies. For controls, we determined whether they
had chronic liver disease (CLD) or not, and, if they did, we extracted the etiology of
underlying liver disease. For participants with HCC, we abstracted this information plus
HCC stage and cancer treatment modalities.

Clinical End Points

For the detection component of this study, the primary outcome of interest was the
diagnostic accuracy of the liquid biopsy in distinguishing HCC patients from participants
without HCC. We separately analyzed the comparisons of the following: HCC vs CLD and
HCC vs healthy controls. For prognosis, outcomes of interest were mortality/overall
survival, and tumor progression or recurrence.

A meta-analysis was not conducted owing to the heterogeneity in which components of
liquid biopsy were evaluated.

Quality Assessment

Quality assessment was performed using the QUality Assessment of Diagnostic Accuracy
Studies-2 tool for diagnostic studies33 and the QUality In Prognosis Studies tool for
prognostic studies.3*

Results

A Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart
illustrating study selection is shown in Figure 1.35 The database search identified 2225
studies, of which 79 were included in the systematic review. We also reviewed all studies
referenced in the selected studies, yielding 33 additional studies for inclusion in the
systematic review. In total, 112 studies were included in this systematic review: 67 on
detection, 46 on prediction/prognostication, and 25 on treatment monitoring/selection. Ten
studies investigated both detection and prognosis; 3 studies investigated both detection and
treatment monitoring/selection; 7 studies investigated both prognosis and treatment
monitoring/selection; and 3 studies investigated detection, prognosis, and treatment
monitoring/selection. We identified only 3 studies on treatment selection, which was not
adequate for a systematic review and therefore this application is not discussed further in
this article.36-38

Detection

We evaluated the utility of liquid biopsy for HCC detection based on either performance vs
AFP, performance in AFP-positive vs AFP-negative patients, or a combination of liquid
biopsy and AFP vs AFP or liquid biopsy alone.
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Circulating tumor cells.

Seventeen studies investigated the utility of CTCs for HCC detection (Table 1).39-%° The
most commonly used method to detect CTCs was positive selection for epithelial markers
such as cytokeratins, epithelial cell adhesion molecule, or asialoglycoprotein receptor (8
studies). Another method used was Canpatrol (2 studies), which used filtration followed by
cell staining to identify both epithelial and mesenchymal phenotypes. In general, these
studies showed that CTC levels were superior to AFP in distinguishing HCC from controls
(3 of 4 studies reporting test characteristics for CTCs vs AFP), that CTC levels were
increased in AFP-negative HCC patients (11 of 13 studies), or that a combination of CTCs
and AFP was superior to AFP alone in differentiating HCC from controls (2 of 2 studies).

Most of the included studies compared the sensitivity of liquid biopsy for HCC detection in
individuals with AFP levels above vs below a specific cut-off value, which varied from 4 to
400 ng/mL (most commonly 20 ng/mL).4243:46-55 A |arge study found that a CTC-derived
polymerase chain reaction (PCR) score (quantifying expression of cancer-related genes in
the blood) was increased in 125 of 171 (73%) patients with an AFP level less than 20
ng/mL.#* One study using CanPatrol, a detection method that is not biased toward epithelial
vs mesenchymal CTC phenotypes, reported an overall sensitivity of 78%, with lower
sensitivity among patients with an AFP level less than 20 ng/mL (N = 17) than those with an
increased AFP level (N = 63): 35% vs 89%, respectively (P < .001).>4Another study using
Cell- Search, which only identifies epithelial cells, found that CTCs were detected in 1 of 10
patients with an AFP level less than 400 ng/mL compared with 9 of 10 patients with an AFP
level of 400 ng/mL or greater (P=.008).4” A third study found that CD45(-) epithelial cell
adhesion molecule (+) cells were detected in 6 of 12 patients with an AFP level less than 20
ng/mL vs 13 of 15 with an AFP level greater than 1000 ng/mL (P < .05).43 Other studies
found that CTC levels were not statistically significantly different in patients with HCC and
increased vs normal AFP levels 42:46:51,53,55

Two studies evaluated whether CTCs provided incremental value to AFP alone for
identifying HCC patients. One study using CanPatrol for the detection of CTCs in 113 HCC
vs 57 CLD patients reported the area under the receiver operating characteristic curves
(AUC:s) for identifying HCC patients were 0.67 for AFP at a cut-off value of 400 ng/mL,
0.77 for CTCs, and 0.82 for a combination of CTCs and AFP (sensitivity not reported).!
Another study found that CTCs, defined as the presence of EpCAM-messenger RNA, had a
sensitivity of 42.6% and an AUC of 0.70 for differentiating HCC from controls that
comprised CLD patients and healthy controls, while AFP (cut-off value, 400 ng/mL) had a
sensitivity of 39.5% (AUC not reported),*® and a combination of CTCs and AFP had a
sensitivity of 73.0% and an AUC of 0.86. No studies reported that CTCs added no
incremental benefit to AFP; however, the risk of publication bias exists.

Three studies compared AFP and CTCs in differentiating HCC from controls. A large study
compared 395 HCC patients with 301 CLD and 210 healthy controls and found that a CTC-
derived PCR score showed a sensitivity of 72.5%, a specificity of 95.0%, and an AUC of
0.88 compared with 57.0%, 90.0%, and 0.77 for AFP at a cut-off value of 20 ng/mL.* This
score performed well in patients with early stage HCC, with an AUC of 0.92 among patients
with Barcelona Clinic Liver Cancer (BCLC) stage 0, and 0.86 in patients with BCLC stage

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chenetal.

Page 6

A disease. Another study also found that a CTC-derived PCR score showed higher
sensitivity than AFP (cut-off value, 20 ng/mL) in differentiating HCC vs CLD (85% vs
55%).40 In contrast, 1 study found that CTCs (defined as CD45[-] plus either cytokeratin
19, CD90, or CD133[+]) had inferior sensitivity and specificity compared with the AFP ratio
(undefined) in distinguishing HCC vs CLD.3°

Cell-free DNA.

Several components of cfDNA may differ in patients with vs without cancer, such as total
amount of cfDNA, cfDNA mutations (especially in candidate genes), or cfDNA methylation.
Thirty-nine studies on cfDNA and HCC detection met inclusion criteria.>®-94 Ten studies
compared diagnostic test characteristics of cfFDNA properties with AFP; of these, 9 found
cfDNA to be superior,56:57:62,63.71,72,80.81,92 although 1 did not not.82 Sixteen studies
evaluated the sensitivity of cfDNA for the diagnosis of HCC among patients with normal
AFP levels, results were variable, ranging from 15% to 100%, in part owing to heterogeneity
in which components of cfDNA were measured.>759:61,69.73,77-79,84,86-91,94 Ten stydies
compared scores incorporating various components of cfDNA (ranging from amount of
cfDNA to methylation of or mutation in specific genes) and AFP, and found that the
combination had superior test characteristics than AFP level alone.60.64-68.74,76,83,85.93
Thirteen of 14 studies comparing the combination of cfDNA and AFP with cfDNA alone
found that the combination had superior sensitivity and/or specificity,
60,64-68,70,75,76,83,85,89.93 however, the incremental value of AFP was not observed in a
recent large study in the United States.’#

Extracellular vesicles.

Eleven studies on EVs in HCC detection were included (Supplementary Table 2).95-105
Generally, EV properties added to AFP in detection capability, but the value of EVs for HCC
detection is less clear than CTCs or cfDNA, in part related to greater heterogeneity in which
properties of EVs were studied.

Six studies evaluated the combination measurement of EVs and AFP compared with AFP
alone.95.96.98,102-104 A [arge study (200 HCC patients, with 200 CLD and 200 healthy
controls) found that AUCs of exosomal levels of 3 long noncoding RNAs were 0.96 and
0.53 in the training and validation cohorts, respectively, and 0.97 and 0.87 for the
combination of these RNAs and AFP.98 Another study found that exosomal miR-122,
miR-148a, and AFP together showed an AUC of 0.947 for distinguishing HCC vs cirrhotic
controls, vs 0.665 for AFP alone.102

Five studies compared EV properties with AFP without evaluating incremental value
compared with AFP.97.99-101,104 A |arge study with 71 HCC patients and 131 controls (37 of
whom had liver disease) found that a machine learning—based score of EV long noncoding
RNAs outperformed AFP for differentiating HCC vs benign liver lesions, with an AUC of
0.946 vs 0.834 (P=.037).%7 The utility of EVs may depend on disease etiology: 1 study
reported that EV miR-212 had a higher AUC than AFP alone (0.886 vs 0.849) among HBV-
related HCC, but not among non-HBV-related HCC (0.793 vs 0.840); P values were not
provided.105
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Quality assessment.

Prognosis

Results of the QUality Assessment of Diagnostic Accuracy Studies-2 analysis are shown in
Supplementary Tables 3, 4, 5, and 6. The detection of HCC usually was reliable, with most
studies using either cross-sectional imaging or biopsy, and in most cases the HCC patients
were representative of the general HCC population. However, most studies did not specify
how patients were selected (ie, consecutive patients vs convenience sampling). Furthermore,
the HCC diagnosis in nearly all studies was established before the diagnostic liquid biopsy
and most studies did not mention blinding, raising the possibility of bias. In addition, many
studies did not separately report results for early stage HCC, or for comparisons with
cirrhosis controls.

Liquid biopsy has the potential to serve as a prognostic biomarker or as a predictive
biomarker for response to therapy. For this section, we included only studies that reported
liquid biopsy properties in multivariate analysis to identify the incremental value of liquid
biopsy in prognostication beyond conventional factors such as tumor stage.

Circulating tumor cells.

Twenty-one studies investigated CTCs as prognostic markers (Table 3).
36,44,45,48,49,55,106-120 \ost studies (15 studies) focused on patients undergoing resection.
44,48,49,55,106-110,113-116,118,120 | thjs subpopulation, 13 of 14 studies found a significant
association between the presence of CTC preoperatively and tumor recurrence or disease-
free survival,4448:49,55,106-109,113-116.118,120 g 2 of 5 studies found a significant
association between the presence of CTCs and overall survival.#8.107.109,117,120 The
remaining studies included populations undergoing other therapies.4>:111.112.119 |n 3]| of
these studies, the presence of CTC pretreatment was associated with a poorer prognosis.

Cell-free DNA.

Fifteen studies on cfDNA met inclusion criteria (Table 4).37:56:58,63,73,77,86,92,121-127 Fjye
studies focused on the total amount of cfDNA,37:63.125-127 5 sty dies focused on methylation
either in single or multiple loci,’3:77:86.92.123 and 5 studies focused on mutations or copy
number variation.37:56.58.122,124 | general, a greater amount of cfDNA was associated with
poorer overall survival, and tumor progression or recurrence.126 Two studies reported that
RASSF1A methylation was associated with decreased overall survival.”3123 No other
cfDNA properties were evaluated in more than 1 study.

Properties of cfDNA were associated with overall survival in multivariable analysis in most

studies,37:58.73.77,86,92,121-123,127 a)though 3 studies did not confirm such associations.
63,124,125

Extracellular vesicles.

Ten studies on EVs met the inclusion criteria (Supplementary Table 6).95:128-136 Most
studies focused on exosomal microRNAs,128-135 although 2 studies also investigated long
noncoding RNAs130:136 and another study evaluated RAB11A messenger RNA.9 Six of
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these studies focused on patients with early stage disease and/or undergoing surgical
resection.95:131,132,134-136 The only microRNA included in more than 1 study was miR-21,
and all 3 studies found an association with increased disease progression and poorer disease-
free survival 130.133.135

Quality assessment.

Results of the QUality In Prognosis Studies tool to assess the quality of prognostic studies
are shown in Supplementary Tables 7, 8, and 9. Although measured outcomes consistently
were objective (ie, based on survival or imaging), there was concern for risk of bias owing to
lack of prespecified cut-off values and nonconsecutive patient selection.

Monitoring on Therapy

Thirteen studies used CTCs to monitor the response to therapy,
44-46,52,108,109,113,119,120,137-140 12 avaluated cfDNA 58.66,125,126,141-148 44 none

evaluated EVs.

Most studies on CTCs evaluated changes in CTC concentrations before vs after therapy,
most commonly resection or locoregional therapy. Typically, patients who persistently had
increased CTC counts after therapy or who initially had low/undetectable CTC counts who
then increased posttherapy had a poorer prognosis than patients with persistently negative
CTC or whose CTC concentrations decreased after therapy.44:45:52,108,109,113,119,120,139,140
One study showed longitudinal measurements of a CTC-derived PCR score detected
recurrence more accurately than AFP.46 Another study found no association between
preresection CTC count and overall or progression-free survival, but an increase in CTC
count after resection was associated with poorer overall survival and progression-free
survival.140

Few studies examined the effect of post-treatment cfDNA properties on prognosis, and those
that did failed to show an association between post-treatment cfDNA and progression-free
survival or overall survival.126:141 Several studies evaluated dynamic changes in cfDNA
after therapy®8:143.144,146,148 and found that cfDNA tended to increase at or before the time
of disease recurrence/progression more reliably than did AFP. Indeed, 2 studies reported
changes in cfDNA mutational profiles preceded radiographic documentation of tumor
relapse/progression by up to 8 weeks.143.146 |t should be noted that all of the studies
evaluating cfDNA for monitoring of tumor response were very small (N < 20), and results of
some are available only in abstract form.

Discussion

In this systematic review, we identified 112 studies investigating CTCs, EVSs, or cfDNA as
biomarkers for detection, prognostication, and monitoring for treatment response in HCC.
We found that liquid biopsy has value in early HCC detection and prognosis beyond existing
diagnostic tests and tumor staging, respectively. In addition, liquid biopsy may be useful for
monitoring response to therapy. Overall, CTCs, EVs, and cfDNA are appealing targets of
biomarker development.
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For detection, cfDNA methylation scores appear to have the most favorable test
characteristics of all liquid biopsy tools included in this systematic review. In particular,
their sensitivity for early stage HCC compares favorably with that of AFP and ultrasound,
with large studies on early detection in more than 2000 patients showing more than 75%
sensitivity and more than 90% specificity for TNM stage | or BCLC stage 0 disease in phase
2 biomarker studies (case-—control comparisons).’492.149 |n contrast, the presence of CTCs
has high specificity (>90%) but generally only modest sensitivity (~60%), whereas EVs have
highly variable diagnostic accuracy. We note that CTC and EV gene expression have shown
greater promise for early HCC detection6:97.98; however, these findings require external
validation. In contrast, cfDNA mutations generally have low sensitivity for early stage HCC
and CTC mutational profiles have not been well studied in HCC. Validation of cfDNA
methylation scores in more robust phase 2 studies in which early stage HCC is compared
with appropriate controls and is shown to perform well in diverse etiologies of liver disease
are required before larger phase 3 and 4 studies are appropriate.149

As prognostic/predictive biomarkers, CTCs have been the most extensively evaluated liquid
biopsy type with numerous studies consistently showing their utility in predicting recurrence
after curative therapy beyond that of conventional metrics such as cancer stage. However,
whether the prognostic value of CTCs also applies to patients receiving local ablative
therapies or arterial-based locoregional therapies is unclear, and the value of CTCs in
predicting outcomes in patients receiving noncurative therapy is even less certain. The
literature on cfDNA (especially methylation scores) and EVs and prognosis is comparatively
limited and less consistent in terms of which outcomes and populations have been studied.
That does not necessarily imply that they are less prognostically important however: for
example, circulating tumor DNA has higher sensitivity than CTCs at detecting minimal
residual disease in several different tumor types.1°0 How these differences in sensitivity may
translate into utility as predictive markers in HCC is not known.

Finally, we note the potential utility of a liquid biopsy for monitoring treatment response.
Several small studies have shown that CTCs or cfDNA may better predict tumor recurrence
or progression than AFP and changes in CTCs or cfDNA may precede changes on imaging.
We caution that the studies reporting these findings are small and many are available only in
abstract form. In addition, the question arises regarding how to manage abnormal liquid
biopsy findings in the absence of imaging evidence of progression/recurrence. A trial in
patients with metastatic breast cancer receiving first-line chemotherapy found no benefit to
changing therapy based on concerning CTC trends.15! Larger studies will be required to
confirm the utility of liquid biopsy in monitoring tumor progression/recurrence and whether
it can be used to guide clinical management of HCC.

Although liquid biopsy is a promising tool, we identified several limitations in the literature.
First, many studies did not include appropriate study populations. For early detection, the
relevant comparison is between early stage HCC and patients at risk of HCC (ie, those with
cirrhosis or selected patients with chronic hepatitis B). However, many diagnostic studies
included CLD patients without cirrhosis or advanced fibrosis, or even healthy controls for
comparisons. Furthermore, results for early stage HCC were not always reported separately.
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Finally, most studies have not separately examined the accuracy of liquid biopsy for
detection of HCC owing to viral vs nonviral etiologies.

Second, prognostic studies were highly inconsistent in which outcomes were reported,
which raises concern for selective reporting and limits meta-analyses. There is a risk of bias
based on nonconsecutive patient selection and ad hoc or post hoc cut-off values, for
example, in analysis of cfFDNA methylation levels or CTC concentration. These limitations
can be avoided in future studies by using prespecified cut-off values and outcome reporting.
We propose minimal reporting parameters of overall survival and (depending on stage and
treatment type) either progression-free survival or tumor recurrence for future studies on
liquid biopsy for prognostication.

A third, more fundamental limitation is that there has been wide variation in how liquid
biopsy is defined. CTCs are the best-standardized of the 3 types of liquid biopsy we
analyzed in this study and there is already a Food and Drug Administration—cleared CTC
detection method for use in prostate, breast, and colorectal cancers.1® However, there are a
number of alternate methods of CTC detection, some of which focus on circulating cells
with epithelial phenotypes while others focus on cell size or morphology rather than cell
surface markers, which make direct comparisons across methodologies difficult.1” Similarly,
multiple methylation scores have been developed from cfDNA, each of which includes
different loci.8%.92 EV studies largely have focused on microRNAs, and, again, there is little
consistency in which microRNAs are included in analyses. Analysis of human CTCs, EVs,
and cfDNA is an evolving field, and exploratory research is critical to developing a
fundamental understanding of these entities. Establishment of optimal methodologies and
standards in liquid biopsy technologies is required before robust validation studies and
clinical utilization.

In conclusion, liquid biopsy has the potential as a biomarker for HCC detection,
prognostication, and monitoring.152 Further”research using standardized definition and
methods of detection, quantification, and characterizing of CTCs, cfDNA, and EVs; as well
as standardized study design, patient selection, and outcome reporting; followed by
validation of promising biomarkers will be required before liquid biopsy can be
recommended in the detection and clinical management of HCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know
Background

Liquid biopsies, or blood samples, can be analyzed to detect circulating tumor cells, cell-
free DNA, and extracellular vesicles, which might identify patients with hepatocellular
carcinoma (HCC) or help determine their prognoses.

Findings

In a systematic review of 112 studies of the accuracy of liquid biopsy analysis, we found
that assays for circulating tumor cells and cell-free DNA might aid in the detection or
monitoring of HCC, or in determining patient prognoses. However, there was a risk of
bias in these studies.

Implicationsfor patient care

Studies of liquid biopsy analysis must be standardized before we can assess its utility in
the detection and management of patients with HCC.
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6465 studies
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Abstracts reviewed
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Database search
Cochrane: 29 studies
Embase: 1169 studies
MEDLINE: 1027 studies
Duplicates
> 752 studies

Y

Abstracts reviewed
1463 studies

Full text reviewed
52 studies

Not on HCC: 343 studies

— Not in humans: 405 studies

Not on blood-based biomarkers: 166 studies

Suitable studies not identified
on database search
33 studies

Review articles: 171 studies
Full text reviewed

378 studies

ey | Test performance not reported: 176 studies
No comparison to existing methods: 123 studies

Y

Prognosis or prediction: 46 studies
Treatment monitoring or selection: 25 studies

Included studies
Total: 112 studies
Early detection: 67 studies

Figure 1.

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart illustrating
study selection. HCC, hepatocellular carcinoma.
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